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EXECUTIVE  SUMMARY 


This  report  concerns  the  treatment  and  reuse  of  wastewater 
at  fixed  Army  installations.  The  objective  was  to  provide  a  tool 
that  could  be  used  by  the  Army  in  assessing  the  potential  for 
water  reuse  at  all  their  fixed  facilities;  in  isolating  those 
posts  with  the  best  reuse  potential;  and  in  evaluating  conceptual 
reuse  schemes  at  those  posts. 

To  achieve  this  objective,  two  paths  were  pursued.  First, 
major  Army  activities  involving  water  and  wastewater  were  identi¬ 
fied  and  described  as  to:  water  use  and  wastewater  characteris¬ 
tics,  tolerable  water  quality  if  reclaimed  water  were  to  be  used, 
potential  as  a  donor  or  recipient  of  reclaimed  water,  and  the  po¬ 
tential  for  internal  reuse  at  the  activity.  These  data  are 
essential  and  form  a  basis  for  constructing  feasible  reuse  net¬ 
works. 

Secondly,  a  water  reuse  evaluation  model  was  developed. 
This  model  involves  three  phases  or  tiers.  Tier  I  is  a  com¬ 
prehensive  questionnaire  that  allows  a  concise  overall  evaluation 
of  the  reuse  potential  of  a  post  in  a  short  amount  of  time. 
Posts  that  score  well  on  Tier  I  may  then  be  evaluated  under  Tier 
II.  This  tier  leads  the  evaluator  through  a  deeper  analysis  of 
reuse  possibilities  on  the  post,  and  ends  with  a  brief  economic 
analysis  of  the  fundamental  reuse  schemes  selected  for  the  post. 
Should  this  analysis  show  reuse  to  be  economically  beneficial. 
Tier  III  is  applied.  Tier  III  is  a  detailed  survey  that  should 
be  used  only  at  posts  with  proven  reuse  potential.  Field  data 
from  activity  records  and  sampling,  as  well  as  conceptual  reuse 
networks,  are  used  as  input  to  a  mathematical  model  that  deter¬ 
mines  piping,  pumping,  storage,  and  treatment  requi rements ,  and 
costs  for  the  entire  reuse  system.  At  this  point,  the  Army  post 
should  be  ready  for  full-scale  engineering  design  of  the  most 
effective  reuse  system. 
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BACKGROUND,  OBJECTIVES,  AND  APPROACH 


BACKGROUND 

The  U.S.  Army's  primary  mission  is  to  secure  our  national 
defense.  In  carrying  out  this  mission,  they  are  also  charged 
with  maintaining  the  quality  of  the  environment,  and  compliance 
with  federal  and  state  environmental  regulations  in  this  regard. 
As  a  part  of  their  environmental  program,  the  Army  is  encouraging 
the  conservation  of  water  supplies  and  the  reuse  of  valuable  re¬ 
sources  at  their  fixed  installations.  One  means  of  achieving 
this  is  through  wastewater  treatment  and  reuse. 

Wastewater  reuse  can  have  several  benefits  for  Army  posts: 
fresh  water  supplies  can  be  conserved  by  substituting  reclaimed 
water  for  subpotable  uses;  problems  with  pollution  control  can  be 
alleviated  by  internal  recycling  and  reuse  at  specific  activi¬ 
ties;  treatment  performance  can  be  enhanced  by  reusing  water  and 
reducing  the  hydraulic  load  on  the  treatment  plant;  nutrients  in 
the  wastewater  can  be  utilized  as  fertilizer  in  irrigation 
waters;  zero  discharge  reuse  schemes  can  eliminate  the  problems 
of  meeting  stringent  discharge  regulations;  and,  by  reducing 
wastewater  through  reuse,  posts  can  save  money  on  water  purchase 
and  sewer  discharge  fees. 

Another  benefit  of  reuse  is  that  it  highlights  the  needs  for 
source  reduction  of  waste,  and  for  proper  handling  and  disposal 
of  industrial  residues  and  wastewaters.  Elimination  of  strong 
wastes  from  the  general  waste  stream  enhances  reuse  potential  and 
eases  pollution  abatement  problems.  Refer  to  the  Army  Sanitary 
and  Industrial  Waste  Manual  (1)  for  proper  housecleaning,  hand¬ 
ling,  and  disposal  procedures  for  Army  industrial  wastes. 

To  date,  reuse  at  fixed  Army  installations  has  been  consi¬ 
dered  only  when  a  specific  problem  has  forced  authorities  to 
evaluate  reuse  as  one  potential  solution.  The  recent  passage  of 
the  Clean  Water  Act  (PL95-576)  will  increase  this  type  of  review, 
since  it  requi res  consideration  of  wastewater  reuse  as  one  op¬ 
tion  whenever  new  water  and/or  wastewater  treatment  facilities 
are  planned  for  construction. 

However,  the  Army  still  has  no  overall  method  of  assessing 
the  potential  for  reuse  throughout  its  fixed  installations.  This 
report  provides  such  a  tool.  The  evaluation  model  developed 
herein,  provides  a  systems  approach  for  assessing  the  potential 
of  water  reuse  at  all  Army  fixed  facilities.  The  model  is  di¬ 
rectly  applicable  to  those  posts  where  new  water  and  wastewater 
construction  is  planned  and,  thus,  where  an  evaluation  of  reuse 
is  mandated  by  law. 


This  report  is  limited  to  subpotable  reuse,  and  is  concerned 
only  with  permanent,  fixed  Army  posts.  Army  ammunition  plants 
are  excluded.  Subpotable  reuse  includes  not  only  end-of-pipe 
reuse,  such  as  reusing  STP  and  IWTP  effluents,  but  also  internal 
waste  segregation,  treatment  and  reuse  at  specific  activities, 
such  as  reusing  treated  wash  rack  water  or  plating  shop  rinse 
waters. 

OBJECTIVES 

The  objective  of  this  project  was  to  develop  a  tool  that  can 
be  used  by  the  Army  in  assessing  the  potential  for  water  reuse  at 
their  fixed  installations;  in  isolating  posts  with  the  best  po¬ 
tential;  and  in  evaluating  conceptual  reuse  systems  at  those 
posts . 

In  meeting  this  objective,  Army  activities  were  to  be 
researched  and  discussed  as  to  water  and  wastewater  characteris¬ 
tics,  flows,  and  reuse  potential.  In  addition,  a  reuse  evalua¬ 
tion  model  was  to  be  developed  that  incorporated  a  three-tiered 
approach  as  discussed  in  the  next  section. 

APPROACH 

The  following  approach  was  used  in  achieving  the  project 
objective: 

•  Conduct  literature  search:  a  search  of  Army  data,  other 
military  information,  and  civilian  literature  was  carried 
out  to  obtain  data  on  individual  Army  activities. 

•  Conduct  case  study  investigations:  to  obtain  more  first- 
hand  activity  data  and  to  test  the  Tier  I  model,  three 
Army  posts  were  visited  by  project  personnel.  The  posts 
were:  Ft.  Ord,  California;  Ft.  Jackson,  South  Carolina; 
and  Anniston  Army  Depot,  Alabama. 

•  Develop  reuse  evaluation  model:  a  three-tiered  evaluation 
model  was  developed  to  aT3  FFe  Army  in  evaluating  reuse 
potential  at  fixed  installations.  Since  there  are  over 
130  Army  posts  in  the  United  States,  the  first  tier  had 
to  be  a  simple,  straightforward  model  that  could  be  used 
to  assess  a  post's  overall  reuse  potential  with  about  1 
man-day  of  effort.  Tier  II  will  be  applied  at  posts  that 
score  well  on  Tier  I.  Tier  II  provides  a  type  of  cook¬ 
book  approach,  leading  the  evaluator  to  an  eventual  com- 
parison  of  total  costs  for  various  reuse  schemes  with 
nonreuse  options  at  each  post.  Tier  III  is  a  detailed 
decision-making  model  that  incorporates  a  sophisticated 
computer  program  to  aid  Army  engineers  in  selecting  and 
costing  conceptual  reuse  systems  at  posts  with  the  best 
reuse  potential. 
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Modify  reuse  computer  program:  a  previously  developed 
U.S.  Air  Force  computer  model ,  that  is  now  part  of  the 
Tier  III  evaluation,  was  modified  to  reflect  Army  activi¬ 
ties,  treatment  methods,  and  operating  practices. 


II 


CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS 

•  Initial  surveys  conducted  during  the  study  substantiate 
that  several  Army  posts  across  the  country  could  benefit 
by  construction  of  either  complete  reuse  systems  or 
treatment/recycle  units  at  individual  activities. 

•  The  following  are  positive  factors  for  reuse  at  fixed 
Army  facilities: 

Water  supply  shortages,  problems,  or  high  cost 

Direct  discharge  of  treated  or  untreated  effluent 
to  surface  water  or  land  (NPDES  permits  required) 

Wastewater  treatment/discharge  problems  or  high 
cost 

Presence  of  high-water-use  activities  that  could 
use  reclaimed  water: 

•  Golf  course  irrigation 

•  Landscape  irrigation 

•  Cooling  towers 

•  Plating  shop 

•  Industrial  laundry 

•  Wash  and  steam  cleaning  racks 

•  Artificially  filled  recreational  lakes 

•  Dynamometers 

•  Air  pollution  scrubbers 

•  Engine  test  cells 

Arid  climate 

Positive  attitudes  toward  reuse  by  key  base  per¬ 
sonnel 

Absence  of  legal/institutional  constraints  to 
reuse. 

•  The  following  are  negative  factors  for  reuse  at  fixed 
Army  facilities: 

Ample,  reliable  water  supplies 

Long-term  water  purchase  or  wastewater  discharge 
(to  municipal  or  regional  sewer  system)  agreements 
that  constrain  water  or  wastewater  reductions 
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Absence  of  irrigation  potential 

Lack  of  enthusiasm  for  reuse  among  key  personnel. 


' 


•  At  this  point,  it  appears  that  the  following  types  of 
bases  have  the  greatest  potential  for  reuse: 

Depots  with  many  large  industrial  activities. 
These  posts  use  large  amounts  of  water,  often  have 
several  direct  discharges,  and  may  have  significant 
pollution  control  problems. 

TRADOC  and  FORSCOM  posts  located  in  water-short 
areas  with  large  irrigation  demands.  These  troop- 
oriented  posts  rarely  have  many  large  industrial 
activities.  However,  this  means  that  the  post 
wastewater  is  primarily  domestic  with  few  problem 
contaminants  and;  therefore,  is  excellent  for  reuse 
for  irrigation  and  cooling  after  secondary  treat¬ 
ment  and  filtration. 

Note  that  these  are  very  broad  categories,  and  that  there 
will  undoubtedly  be  many  individual  posts  outside  of  the 
categories  with  specific  factors  that  make  reuse  attrac¬ 
tive. 

•  Secondary  treatment  is  provided  by  trickling  filters  at 
most  posts.  These  facilities  will  have  to  be  upgraded  by 
filtration  to  provide  effluent  quality  commensurate  with 
that  required  for  most  reuse  activities. 

0  Some  Army  activities  have  good  potential  for  internal 
treatment  and  reuse.  These  include: 

Cooling  towers 
Dynamometers 

Plating  and  metal  finishing 
Air  pollution  scrubbers 
Wash  racks 

Steam  cleaning  racks 
Industrial  laundries 
Test  cells. 

0  Opportunities  for  "and-of-pi pe"  reuse  include  at  the  use 
of  effluent  from  sewage  treatment  plants  (STPs)  and  in¬ 
dustrial  waste  treatment  plants  (IWTPs)  for  irrigation 
and  makeup  to  cooling  systems. 

0  Most  bases  have  not  taken  full  advantage  of  the  benefits 
of  wastewater  reuse. 
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RECOMMENDATIONS 


•  More  research  is  needed  to  determine  the  required  water 
qualities  and  quantities  for  certain  activities  that 
could  use  reclaimed  water.  Activities  for  which  more 
data  is  needed  are: 

Steam  cleaning  racks 

Rotary  and  fixed-wing  aircraft  wash  racks 
Industrial  laundries. 

Of  particular  importance  is  the  required  bacterial  and 
viral  quality  if  STP  effluent  were  to  be  used  at  the  wash 
racks . 

•  A  renewed  emphasis  on  source  reduction  should  be  under¬ 
taken  to  enhance  pollution  control  efforts  and  to  improve 
effluent  quality  for  reuse  applications.  This  may  be 
especially  important  at  i nsta 1 1  at i ons  where  many  heavy 
industrial  activities  are  performed  and  dozens  of  hazar¬ 
dous  wastes  are  generated.  Key  activities  where  source 
reduction  and  house  cleaning  are  most  important  are: 

Paint  stripping  and  painting 
Nondestructive  testing 
Metal  plating  and  finishing 
Degreasing/metal  cleaning 
Pesticide  disposal 
Chemical  laboratories 
Vehicle/aircraft  maintenance 
Fuel  spill  control. 

•  The  evaluation  model  should  be  applied  immediately  at 

those  bases  planning  construction  of  water  or  wastewater 
facilities  to  assist  in  complying  with  the  requirements 
of  the  Clean  Water  Act  (PL  92-500  and  PL  95-217). 

•  The  evaluation  model  should  be  excercised  by  a  limited 

group  of  knowledgeable  individuals  so  that  the  results 
will  be  consistent.  This  is  especially  true  of  Tiers  II 
and  III. 

t  Concurrent  with  the  application  of  Tier  I  to  all  Army 

bases,  several  Tier  II  evaluations  should  be  conducted 
during  the  summer  of  1979  to  make  minor  modifications  to 
the  approach.  Tier  III  has  been  tested  and  modified 

during  this  project  and  under  previous  Air  Force  con¬ 
tracts. 
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ARMY  ACTIVITY  DESCRIPTIONS 


This  section  of  the  report  briefly  discusses  the  types  of 
Army  posts,  their  unique  characteristics,  and  their  similarities 
with  civilian  counterparts.  A  concise  summary  of  each  important 
Army  activity,  with  regard  to  water  and  wastewater  characteris¬ 
tics  and  reuse  potential,  is  then  provided. 

TYPES  OF  ARMY  POSTS 

There  are  approximately  135  fixed  Army  installations  in  the 
United  States.  These  are  divided  into  two  categories:  1) 

troop-ori ented ;  and  2)  maintenance/storage-oriented  facilities. 
The  troop-oriented  facilities  include  both  TRADOC  (Training  and 
Doctrine  Command)  and  FORSCOM  (Forces  Command)  installations. 
The  maintenance/storage-oriented  facilities  are  called  depots. 
Table  1  summarizes  the  prevalence  of  various  water-related  acti¬ 
vities  at  Army  posts  and  depots.  As  shown,  most  posts  have  many 
activities  that  use  and  generate  water  and  wastewater,  including 
domestic,  industrial,  recreational,  and  pollution  control  types. 
Note  that  Table  1  does  not  indicate  the  size  of  the  operation  or 
the  waste  volumes  used,  which  are  important  considerations  for 
reuse.  Key  Army  activities  for  reuse  consideration  are: 

o  Sewage  and  industrial  wastewater  treatment  plants 

o  Irrigated  golf  courses  and  landscape 

o  Large  cooling  towers  (including  those  associated  with 
engine  and  transmission  test  cells) 

o  Plating  shops 

o  Large  wash  racks  and  steam  cleaning  facilities 

o  Other  large  industrial  water  users. 

Most  posts  appear  to  have  several  of  these  activities. 

Basically,  TRADOC  and  FORSCOM  installations  have  similar 
water-  and  wastewater-related  activities.  They  are  similar  in 
many  ways  to  small  towns,  with  a  few  scattered  industrial,  busi¬ 
ness,  recreational  and  commercial  establishments.  Typically, 
they  provide  several  types  of  post  housing,  and  have  a  hospital; 
post  office;  industrial  laundry;  laundromats;  cafeterias;  restau¬ 
rants;  mess  halls;  various  community  facilities  (school,  church, 
gymnasium,  swimming  pool,  auditorium,  hobby  shops,  golf  course, 
etc.);  protective  facilities  (police,  fire,  jail);  commercial 
facilities  (commissary,  post  exchange,  gas  station);  office  buil¬ 
dings,  photographic  lab;  and  wastewater  treatment  plant.  They 
also  commonly  have  their  own  heating  and  cooling  and,  possibly. 
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TABLE  1.  PREVALENCE  OF  WATER-RELATED  ACTIVITIES  AT  ARMY  POSTS 


Posts 


Activities 

Ft.  Bliss 

.  Corpus  Christi  A.D. 

Ft.  Carson 

Ft.  Campbell 

Ft.  Huachuca 

Ft.  Hood 

Ft.  Knox 

Letter  Kenny  A.D. 

Lex.  Blue  Grass  A.D. 

New  Cumberland  A.D. 

Ft.  Rucker 

Sacramento  A.D. 

Ft.  Sill 

Tobyhanna  A.D. 

Tooele  A.D. 

1. 

Aircraft  Wash  Rack 

X 

X 

X 

X 

X 

X 

X 

X 

2. 

Ash  Handling 

X 

X 

X 

X 

3. 

3ase  Housing 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4. 

Boilers 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

5. 

Cafeteria,  Mess  Halls, 

1 

Restaurants 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

6. 

Cooling  Tower 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

7. 

Dynamometer 

X 

X 

X 

X 

X 

X 

X 

X 

X 

8. 

Equip. /Vehicle  Maint. 

Shops 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

9. 

Fire  Protection/Spill 

Washdown  Reservoir 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10. 

Golf  Course 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

11. 

Hospital 

X 

X 

X 

X 

X 

X 

X 

12. 

Industrial  Laundry 

X 

X 

X 

X 

X 

X 

X 

X 

X 

13. 

Ind.  Waste  Trt.  Plant 

X 

X 

X 

X 

X 

X 

14. 

Irrigation 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

15. 

Laundromats 

X 

X 

X 

X 

X 

X 

X 

X 

16. 

Metal  Finishing/ 

Plating 

X 

X 

X 

X 

X 

X 

X 

X 

17. 

Metal  Cleaning 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

18. 

Motor  Pool 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

19. 

Nondestructive  testing 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

20. 

Paint  Booths 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

21. 

Photography  Labs. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

22. 

Recreational  Lake 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

23. 

Sewage  Trt.  Plant 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

24. 

Steam  Cleaning 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

25. 

Swimming  Pool 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

26. 

Vehicle  Wash  Rack 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

27. 

Water  Treatment  Plant 

X 

X 

X 

X 

X 

X 

X 

28. 

Wet  Scrubbers  (Air 

X 

X 

_ 

Pollution) 

'  4 
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electricity-generating  plants.  I ndust ri a  1 -type  activity  is  usu¬ 
ally  limited  to  vehicle  and  aircraft  maintenance  and  washing. 
Thus,  wash  racks,  vapor  degreasers,  steam  cleaners,  and  paint 
booths  are  common. 

U.S.  Army  Depots  are  maintenance-oriented,  and  perform  such 
activities  as  repairing  and  maintaining  tanks,  weapons,  heavy 
equipment,  electronics,  helicopters,  and  engines.  A  few  select 
depots  work  only  with  munitions.  These  are  excluded  from  this 
study,  as  are  specialty  bases  and  storage  depots.  The  depot  car¬ 
ries  out  either  repair,  maintenance,  or  complete  overhaul  and 
rebuilding  of  the  assigned  equipment.  The  character  of  depots 
varies  depending  on  the  mission,  but  most  are  industrial  in  char¬ 
acter.  Metal  cleaning,  electroplating  and  metal  finishing,  wash 
racks,  steam  cleaning,  and  paint  booths  are  common  activities. 
Depots  often  operate  independent  industrial  waste  treatment 
facilities,  as  well  as  sewage  treatment  facilities. 

Many  of  the  activities  at  Army  posts  are  similar  to  civilian 
operations,  such  as  laundromats,  car  washes,  recreational  activi¬ 
ties,  office  buildings,  maintenance  shops,  sewage  treatment 
plants,  etc.  However,  there  are  several  important  factors  that 
make  Army  installations  unique.  These  are  as  follows: 

•  Post  populations  can  fluctuate  greatly  between  day  and 
night,  since  a  large  number  of  civilians  may  come  into  a 
post  to  work  during  the  day. 

•  Post  populations  often  decline  significantly  on  weekends. 

•  Post  populations  vary  depending  on  staffing  levels, 
training  programs,  maneuvers,  etc. 

•  Army  personnel  are  a  captive  audience  in  that  they  must 
follow  all  commands  and  rules,  including  any  that  may 
pertain  to  water  reuse.  Thus,  water  conservation/reuse 
strategies  can  be  more  easily  and  quickly  implemented, 
and  more  directly  enforced. 

•  Army  design/construction  projects  usually  operate  under 
short,  rigid  time  frames  necessitating  strict  adherence 
to  schedules.  Thus,  the  luxury  of  long  drawn-out  plan¬ 
ning  and  designs  may  not  be  available. 

•  The  Army  is  limited  in  treatment  plant  operator  training. 
As  a  result,  operators  are  usually  not  very  experienced, 
and  are  likely  to  have  little  background  in  sanitary 
engineering.  This  is  one  reason  why  the  Army  has  often 
selected  trickling  filter  plants,  rather  than  more  so¬ 
phisticated  and  higher  performance  activated  sludge 
plants.  Trickling  filters  are  much  simpler  to  operate. 
Also,  most  of  the  Army's  trickling  filter  plants  were 
built  in  the  1950's  when  that  technology  was  standard 


design.  Designs  for  reuse  systems  that  include  treatment 
must  reflect  the  limited  level  of  operator  experience 
available. 

INDIVIDUAL  ACTIVITY  DESCRIPTIONS 

The  remainder  of  this  section  provides  summaries  of  water 
reuse-related  Army  post  activities.  The  following  topics  are 
covered  for  each  activity: 

1.  Description:  A  general  description  of  each  activity  is 
provided,  indicating  the  purpose  of  the  activity  and  its 
basic  operating  procedures. 

2.  Flow:  Water  usage  and  wastewater  generation  are  dis¬ 

cussed,  including  daily  average  fl ows ,  f 1 ows  per  unit 
processed,  and  seasonal  patterns. 

3.  Tolerable  Water  Supply  Quality:  Tolerable  water  supply 

quality  is  estimated  for  each  activity.  For  some  acti¬ 
vities,  such  as  irrigation  and  boiler  and  cooling  tower 
makeup,  these  limits  are  fairly  well  documented.  For 

most  activities,  the  limits  had  to  be  estimated  since 

published  data  was  not  available. 

4.  Typical  Effluent  Quality:  Activity  wastewater  charac¬ 

teristics  are  summarized. 

5.  Reuse  Potential:  Each  activity  is  discussed  as  to  its 
potential  as  a  donor  or  recipient  of  reclaimed  water. 
This  includes  the  potential  for  cascading,  or  receiving 
effluent  directly  to  or  from  other  activities,  as  well 
as  using  treatment  plant  effluent. 

6.  Internal  Recycling:  This  final  section  discusses  the 

potential  for  treatment  and  reuse  within  the  activity 
itself.  Internal  recycling  may  involve  relatively  sim¬ 
ple  procedures,  or  may  include  sophisticated  pretreat¬ 
ment  where  feasible.  Reuse  may  occur  in  an  auxilliary 
process,  such  as  the  use  of  boiler  blowdown  for  stack 
gas  scrubber  makeup. 

Tables  2  and  3  summarize  activity  effluent  quality  and  tol¬ 
erable  water  quality  for  the  major  sources  of  wastewater  and 
potential  users  of  reclaimed  water,  respectively.  Note  that  data 
for  metal  electroplating  and  finishing  were  not  included  in 
Table  2,  although  this  activity  may  be  an  Important  source  of  re¬ 
claimed  water  for  a  particular  post.  The  quality  of  metal  pla¬ 
ting  and  finishing  wastewater  varies  depending  on  the  plating 
process  and  rinses  used.  Thus,  no  "typical"  values  for  waste- 
water  could  be  assigned. 
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TABLE  2.  SOURCES  OF  RECLAIMED  WATER  -  TYPICAL  EFFLUENT  QUALITY 


Hospitals/  Industrial 

Constituent  Base  Clinics  Laundries  Laundromats  Cooling  Air  Pollution  Vehicle  Aircraft  Steam  Metal  Paint  Photographic 

(mq/t)  Housing*  (gal /bed)  (qal/lb  laundry)  (oal/wash)  Boilers  Haters*  Wet  Scrubbers  Hash  Racks  Hash  Racks  Cleaning  Cleaning**  Booths  Laboratories 


TABLE  3.  USERS  OF  RECLAIMED  WATER  -  TOLERABLE  WATER  SUPPLY  QUALITY 


Fire  Protection/  Wash  Racks  Metal  Electro- 

Constituent  Recreational  Spill  Washdown  Cooling  Wet  and  Steam  plating  and  Metal  Paint  Photographic 

(mg/t)  Laundries*  Lakest _ Reservoirs  Irrigation***  Boilers  Waters!  Scrubbers  Cleaning**  Finishino  Cleaning  Booths  Laboratories 

Hardness  (as 

CaC03  )  50  10  50  10  10 


AIRCRAFT  WASH  RACKS 


Description 

Many  Army  posts  operate  and  maintain  aircraft,  either  fixed- 
wing  or  rotary-wing  (helicopters).  The  maintenance  facilities 
contain  wash  racks  for  periodic  washing  of  the  aircraft.  The 
magnitude  of  the  washing  operation  varies  greatly  from  post  to 
post.  Most  of  the  wastewater  generated  is  from  water  used  to 
rinse  off  solvents  and  detergents  used  in  the  washing  operation. 
Wash  and  rinse  wastewaters  are  usually  collected  in  floor  drains 
and  treated  by  an  oil/water  separator  before  discharge  to  the 
sanitary  or  storm  sewer. 

FI  ow 


The  quantity  of  wastewater  generated  depends  on  the  number 
and  types  of  aircraft  washed.  Typically,  the  Army  washes  each 
aircraft  after  every  100  hours  of  operation.  A  steady  flow  of 
water  is  used  for  20  to  30  minutes  per  aircraft.  In  most  cases, 
a  1-1/2- in  hose  with  spray  nozzle  attachments  is  used.  A  mild 
detergent  is  added  to  the  water.  Average  volumes  generated  are 
reported  to  be  300  to  2,500  gal  for  small  size  fixed-wing  air¬ 
craft,  and  200  to  1,500  gal  per  rotary-wing  aircraft.  Total 
generation  of  aircraft  washing  wastewater  at  Army  posts  ranges 
from  0  to  40,000  gpd. 

Tolerable  Water  Supply  Quality 

Table  4  summarizes  tolerable  water  supply  quality  concentra¬ 
tions  for  aircraft  wash  rack  operations.  As  with  vehicle  wash 
racks,  washing  of  aircraft  is  done  manually.  Because  workers 
come  in  contact  with  the  wash  water,  fresh  water  or  a  high-qual¬ 
ity  tertiary  effluent  is  needed.  To  reduce  the  presence  of  path¬ 
ogenic  viruses  and  bacteria  in  the  water,  a  highly  disinfected 
effluent  would  be  necessary  if  sewage  treatment  plant  effluent 
were  used. 

Typical  Effluent  Quality 

Table  5  summarizes  typical  effluent  quality  for  aircraft 
washing  operations.  As  can  be  seen,  the  waste  is  very  high  in 
BOD,  COD,  0&G ,  and  P04. 

Reuse  Potential 


Aircraft  washing  appears  to  have  potential  as  a  recipient  of 
good  quality  filtered  secondary  effluent  that  has  been  highly 
disinfected  to  remove  or  deactivate  bacteria  and  virus.  This 
level  of  disinfection  is  required  because  of  the  direct  human 
contact  with  the  water  spray.  However,  if  reuse  involves  treat¬ 
ment  and  recycling  of  wash  rack  wastewater  only,  then  high  level 
disinfection  is  no  longer  required  and  a  water  higher  in  solids 
and  other  components  can  be  tolerated.  In  most  cases,  tertiary 
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TABLE  5.  TYPICAL  EFFLUENT  QUALITY 

--  AIRCRAFT  WASH  RACKS 

Constituent 

Concentration 
( mq/L ) * 

bod5 

5,700 

COD 

8,400 

Phenol 

8.5 

♦Concentration  in  parentheses  estimated  by  SCS  Engineers 
concentrations  based  on  Ref.  4. 
tConcentrati on  dependent  on  source  water  quality. 


treatment  is  not  economically  justifiable  solely  for  the  purpose 
of  supplying  reclaimed  water  to  wash  racks.  If  a  highly  disin¬ 
fected  tertiary  effluent  is  required  for  other  purposes,  then 
wash  racks  may  be  potential  users. 

Internal  Recycl  i ng 

Wash  rack  wastewater  can  be  used  for  internal  recycling  if 
the  quality  of  the  effluent  meets  the  general  criteria  set  in 
Table  30.  Treatment  for  internal  recycling  usually  involves 
settling,  grease  and  oil  separation,  and  filtration.  To  remove 
heavy  suspended  solids  and  free  oil,  water  from  the  wash  racks 
would  go  to  settling  basins  for  a  detention  time  of  at  least  2 
hours.  Sludge  would  be  pumped  off  the  bottom  to  holding  tanks  or 
beds,  while  the  free  oils  would  be  removed  by  floating  oil  skim¬ 
mers.  Water  from  the  settling  basins  would  then  be  pumped  over 
sand  filters  to  remove  suspended  solids  remaining  in  the  waste- 
water. 


The  U.S.  Army  Construction  Engineering  Research  Laboratory 
in  Champaign,  Illinois,  is  studying  how  to  design,  build,  and 
operate  centralized  facilities  for  tactical  vehicle  washing 
(2,3).  Treatment  of  the  wastewater  by  settling,  skimming,  and 
intermittent  sand  filtration  has  been  investigated  on  a  pilot 
scale.  It  appears  that  the  effluent  would  be  of  high  enough 
quality  to  be  recycled. 

Centralization  of  wash  rack  facilities  increases  the  feasi¬ 
bility  of  reuse  or  recycl ing,  because  at  a  single,  large  facil¬ 
ity,  enough  water  could  be  used  to  justify  costs  for  piping, 
storage,  and  treatment. 

AIR  POLLUTION  WET  SCRUBBERS 

Descri pti on 

Military  posts  that  burn  coal  for  power  or  steam  generation 
are  often  faced  with  the  problem  of  particulate  and  SO2  removal. 
Combined  removal  of  both  particulates  and  SO2  can  be  achieved 
with  wet  scrubbing  techniques.  Various  types  of  experimental 
laboratories  also  require  significant  amounts  of  input  water  and 
may  be  operated  in  an  open  or  closed  loop  mode,  depending  upon 
the  design  selected.  The  amount  of  water  required  depends  upon 
the  mode  of  operation  and  the  size  of  the  fuel-burning  system. 

In  the  closed  loop  mode  of  operation,  all  input  water  leaves 
the  system  by  evaporation  or  with  the  sludge  (primarily  composed 
of  particulate  material  and/or  insoluble  S02  and  SO3  compounds, 
i.e.,  calcium  sulfites  and  sulfates). 

Wet  collection  devices  include  spray  chambers,  cyclone 
scrubbers,  orific  scrubbers,  mechanical  scrubbers,  mechanical- 
centrifugal  scrubbers,  high-pressure  scrubbers,  venturi  scrub¬ 
bers,  packed  towers,  and  wet  filters. 
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Flows  from  scrubbers  on  small  power  plants  will  range  from 
virtually  zero  for  a  closed  loop  system  (all  water  being  dis¬ 
charged  in  the  sludge)  to  40,000  gpd  for  an  open  system. 

Tolerable  Water  Supply  Quality 

The  water  quality  acceptable  for  use  in  a  wet  scrubber  de¬ 
pends  upon  the  specific  design  of  the  unit  and  the  condition  of 
the  input  stream.  Generally,  water  of  a  very  poor  quality  can  be 
admitted  except  when  it  is  to  be  utilized  in  pump  seal  lubrica¬ 
tion  and  in  demister  rinse  operations  (a  secondary  water  usage). 
Many  SOo  scrubbers  have  been  successfully  operated  using  internal 
recirculating  slurries  containing  very  high  concentrations  of  SS 
and  DS.  They  have  also  been  operated  using  soda/lime  clarifier 
sludge  as  an  input  water  and  chemical  supply. 

In  general,  wel  1 -des  i  gned  wet  scrubbers  can  accept  almost 
any  quality  of  water  if  provisions  are  made  to  use  nonscaling, 
noncorrosive  water  for  pump  seals  and  demisters.  Reclaimed  water 
would  have  to  meet  the  quality  shown  in  Table  6  in  order  to  be 
used  in  wet  scrubbers. 

Typical  Effluent  Quality 

Effluent  quality  depends  on  the  number  of  reuse  cycles. 
Typical  concentrations  for  open-loop  operation  from  U.S.  Air 
Force  bases  are  summarized  in  Table  7.  No  Army  data  were 
available. 

R e u se  Pot e n t i a  1 


Air  pollution  scrubbers  are  excellent  recipients  of  treated 
or  untreated  wastewater  from  other  activities.  The  scrubber  is 
tolerant  of  most  other  constituents,  and  its  performance  is  en¬ 
hanced  to  some  extent  by  dissolved  solids. 

Effluents  from  scrubbers,  particularly  some  types  of  semi- 
closed  loop  systems,  are  concentrated  and  usually  unsuitable  for 
cascade  purposes  in  other  activities.  However,  in  some  cases 
where  large  quantities  of  SOp  are  entrained  in  the  scrubber 
waters  at  power  generation  plants,  this  S02  can  be  used  to  reduce 
hexavalent  chromium  to  trivalent  chromium  at  the  plating  shop 
pretreatment  facility. 

Internal  Recycling 

Most  scrubbers  operate  on  a  closed-cycle  principle,  using 
the  water  continuously  until  it  is  highly  contaminated.  A  por¬ 
tion  of  the  wastewater  may  be  regularly  wasted  and  replaced  with 


TABLE  6.  TOLERABLE  WATER  SUPPLY  QUALITY 
AIR  POLLUTION  WET  SCRUBBERS 


Constituent 

bod5 

COD 

Phenol 

SS 

TDS 

O&G 

CT 

no3 

nh4 

po4 

Na 

CaCOj 

B 

CN 

Fe 

Mg 


Concentrat i on 

_ (ma/L.) _ 

100 

ZOO 

2.0 

100 

2,000 

50 

600 

50 

20 

t 

600 

300 

t 

0.5 

20 

200 


♦All  concentrations  estimated  by  SCS  Engineers. 
■(■Concentration  not  significant  for  this  activity. 
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TABLE  7.  TYPICAL  EFFLUENT  QUALITY, 
AIR  POLLUTION  WET  SCRUBBERS 


Constituent 

bod5 

COD 

Phenol 

SS 

TDS 

O&G 

Cl* 

no3 
nh4 
P04 
N  a 

Ca  c  o3 
B 

CN 

Fe 


Concentration 

(mg/L)* 

10 

720 

(0.001) 

3,270 

(5,000) 

0.3 

(400) 

(28) 

(0.1) 

5.4 

(72) 

(200) 

(0.1) 

(0.005) 

5.3 


♦Concentrations  in  parentheses  are  SCS  Engineers's  estimates 
other  concentrations  are  from  Ref.  4. 


fresh  water  to  maintain  a  concentration  equilibrium.  The  blow¬ 
down  is  of  insufficient  volume  and  of  such  poor  quality  that  on¬ 
site  treatment  and  reuse  are  not  feasible. 

BASE  HOUSING 

Descri pti on 

Almost  all  posts  provide  family  housing  consisting  of  single 
family,  duplex,  and/or  multi-unit  dwellings  (on  some  posts,  mo¬ 
bile  homes  as  well)  for  officers  and  enlisted  personnel  and  their 
families.  Apartment  type  quarters  for  bachelor  officers  (BOQ's), 
visiting  officers  (VOQ's),  and  troop  barracks  for  unmarried  en¬ 
listed  personnel  are  also  provided. 

Wastewater  from  family  housing  areas  is  produced  by  dish¬ 
washing,  toilet  use,  bath/shower/sink  use,  clothes  laundering  and 
garbage  grinding.  Wastewater  from  troop  housing  is  produced  by 
toilet  use ,  bath/shower  use,  and  general  area  cleanup.  In  both 
situations,  personal  hygiene  is  the  principal  source  of  waste- 
water. 

F 1  ow 


The  Army  typically  uses  a  design  figure  of  75  gallons  per 
capita  per  day  (gpcd)  as  the  anticipated  average  domestic  sewage 
flow  from  post  residential  areas.  The  total  average  daily  domes¬ 
tic  sewage  flow  is  calculated  by  multiplying  the  average  per  cap¬ 
ita  figure  by  the  number  of  dwellings  times  the  estimated  average 
persons  per  dwelling  unit.  The  design  assumptions  used  are  con¬ 
servative  and  result  in  an  estimated  average  flow  volume  greater 
than  the  actual,  providing  a  built-in  safety  factor  for  sewer 
capacity  design  purposes. 

Wastewater  generated  by  BOQ's  and  VOQ's  is  generally  esti¬ 
mated  at  approximately  35  to  45  gpcd.  Wastewater  generated  by 
the  barracks  averages  approximately  25  gpcd. 

Tolerable  Water  Supply  Quality 

The  water  supply  quality  for  base  housing  should  meet  the 
National  Interior  Primary  Drinking  Water  Regulations  (NIPDWR) 
(5).  Table  8  lists  some  of  these  limits. 

Typical  Effluent  Quality 

Table  9  summarizes  the  effluent  from  residential  base  hous¬ 
ing  as  measured  at  the  inlet  to  the  STP.  Significant  differences 
can  occur  between  posts  as  a  result  of  water  use  habits,  ground- 
water  infiltration  into  sewer  lines,  the  prevalence  of  garbage 
grinders,  and  other  factors. 

Inorganic  constituent  concentrations  in  the  wastewater  are 
dependent  upon  the  concentration  of  those  constituents  in  the 
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4  * 


TABLE  8.  NATIONAL  INTERIM  PRIMARY  DRINKING  WATER  REGULATIONS 


Maximum  Limit 


Constituent  (mg/L)* 


Phenol  0.001 

Cyanide  0.2 

Cadmium  0.01 

TDS  500 

Chlorides  250 

Sulphates  250 

Chromium  (Total)  0.05 

Copper  1.0 

Iron  0.3 

Lead  0.05 

Manganese  0.05 

Nitrate  (as  N)  10 

Zinc  5.0 

Arsenic  0.05 

Barium  1.0 

Mercury  0.002 

Selenium  0.01 

Silver  0.05 

(a)  Chlorinated  hydrocarbons  0.0002 


Endrin  (1,2,3,4,10.  10- 

hexachloro-6.7-epoxy-l,4,4a,5,6, 
7,8,8a-octahydro-l,4-endo,  endo-, 
endo-5,8  -  di-methano  naphthalene). 


Lindane  ( 1 , 2 , 3, 4 , 5 ,6-hexachl  oro-  0.004 

cyclohexane,  gamma  isomer). 

Methoxychlor  ( 1 , 1 , 1 -Tri chi orothane  0.1 

2,  2  -  bis  [p-methoxyphenyl ] ) 

Toxaphene  (CigHjgClg-Technical  0.005 

chlorinated  camphene,  67-69  percent 
chi ori ne) . 

(b)  Chi orophenoxys :  0.1 

2,4-D,  ( 2,4-Di chi orophenoxy acetic 
acid) . 

2,4,5-TP  Silvex  (2 ,4 , 5-Trl chi oro-  0.01 

phenoxypropionic  acid). 


! 


*Ref.  5,6. 
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TABLE  9.  TYPICAL  BASE  HOUSI 


Constituent 

bod5 

COD 

Phenol 

SS 

TDS 

O&G 

CT 

nh4 

po4 

Na 

Ca  C03 
B 

CN 

Fe 

Aik  (as  CaC03) 

Total  Coliforms  per  100  ml 

♦Plus  source  water  concentration. 


SEWAGE  CHARACTERISTICS 


Concentrati on 

_ (mg/U _ 

200 

300 

0.15 

300 

300* 

50-100 

100* 

30 

10 

50* 

80* 

1.0* 

0.01 

1.0* 

50-100 

1x106-4. 6x107 


source  water  supply,  plus  those  added  incrementally  by  domestic 
household  use  of  the  freshwater. 

Reuse  Potential 


Currently,  potable  wastewater  reuse  is  not  accepted  in  the 
United  States.  Therefore,  family  housing,  BOQ's,  and  barracks  on 
Army  posts  cannot  be  considered  potential  users  of  reclaimed 
water.  However,  after  secondary  or  tertiary  treatment,  the  large 
volume  of  wastewater  generated  from  post  housing  would  be  an 
excellent  potential  source  of  water  for  reuse  in  other  subpotable 
activities. 

Internal  Recycling 

Potable  wastewater  recycling  for  post  housing  is  not  cur¬ 
rently  feasible  either  from  the  standpoint  of  public  health  or 
economics. 

However,  work  on  systems  to  recycle  greywater  (domestic 
wastewater  without  the  toilet  component)  for  toilet  flushing  and 
landscape  irrigation  is  continuing,  and  systems  are  currently  on¬ 
line  in  some  locales.  These  technologies  are  capable  of  reducing 
wastewater  generation  by  approximately  40  percent  in  the  typical 
home.  The  costs  of  such  systems  would  normally  preclude  their 
use  in  all  but  the  most  critical  water  short  locations. 

UNCLASSIFIED  OFFICE  SPACE 

Descri pti on 

Unclassified  office  space  is  limited  to  office  facilities 
only  (i.e.,  does  not  include  laboratory  spaces)  and  includes: 
headquarters  and  various  tenants. 

Flow 

Wastewater  generated  by  office  facilities  averages  from  10 
to  25  gal  per  person  per  day. 

Tolerable  Water  Supply  Quality 

See  Base  Housing. 

Typical  Effluent  Quality 

See  Base  Housing. 

Reuse  Potenti al 


See  Base  Housing. 
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I nternal  Recyc 1 i ng 

See  Base  Housing. 

COMMERCIAL  SERVICES 
Description 

Army  posts  are  essentially  small  cities,  and,  as  such,  they 
require  commercial  services.  These  include:  service  stations, 
theatres,  bowling  alleys,  PX's,  commissaries,  etc. 

FI  ow 


Wastewater  generated  by  commercial  services  is  domestic  in 
quality  and  usually  of  negligible  volume.  It  can  be  assumed  that 
the  domestic  volumes  previously  discussed  adequately  include  the 
volume  generated  by  commercial  activities. 

Tolerable  Water  Supply  Quality 

See  Base  Housing. 

Typical  Effluent  Quality 

See  Base  Housing. 

Reuse  Potential 

See  Base  Housing. 

Internal  Recycling 

See  Base  Housing. 

BOILERS 

Descr i pt i on 

Facilities  that  use  boilers  include:  gas-,  coal-,  or  oil- 
fired  electric  power  and  heating  plants,  non  industrial  steam 
power  plants,  and  certain  types  of  heating  and  air  conditioning 
plants. 

FI  ow 


Wastewater  generated  consists  of  continuous  or  intermittent 
blowdown  that  will  vary  in  quality  depending  on  the  size  of  the 
boiler  facility,  the  mode  of  operation,  the  quality  of  the  source 
water  (TDS,  hardness,  etc.),  and  the  type  of  boiler  maintenance 
chemicals  used.  An  average  blowdown  volume  at  a  moderately  sized 
boiler  plant  for  heating  ranges  from  approximately  2,000  gpd  to 
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10,000  gpd.  If  air  conditioning  and/or  power  generation  is  also 
done  at  the  plant,  the  blowdown  may  increase  to  50,000  to  100,000 
gpd,  or  more. 

Tolerable  Water  Supply  Quality 

The  technology  of  boiler  feedwater  makeup  waters  is  complex, 
as  evidenced  by  the  large  number  of  major  U.S.  corporations  which 
specialize  in  providing  consulting  and  chemical  supply  services 
for  treatment  of  this  water.  In  general,  the  more  contaminated 
the  raw  water  supply,  the  more  difficult  it  is  to  treat  the  water 
to  render  it  noncorrosive  and  non-scale  forming. 

Water  quality  requirements  for  boilers  vary  depending  on  the 
operating  pressure.  For  the  purposes  of  this  report,  we  have  as¬ 
sumed  that  low-pressure  boilers  (200  to  400  psig)  are  being  used 
for  heating  and/or  power  generation.  Even  low-pressure  boilers 
require  water  of  low  hardness  to  reduce  scaling  of  pipes  and  heat 
exchange  units.  Table  10  summarizes  water  quality  for  low-pres¬ 
sure  boilers. 

Final  Effluent  Quality 

Closed  loop  boiler  systems  concentrate  contaminants  in  the 
source  water  roughly  5  to  10  times  before  discharge,  due  to 
evaporative  loss.  Chemicals  commonly  added  to  the  boiler  feed- 
water  include  tannin,  sodium  hydrox i de ,  sodium  sulfite,  hydra¬ 
zine,  polymers,  and  phosphates.  Corrosion  and  algae  inhibitors 
containing  heavy  metals  (Cu,  Ni ,  and  Cr)  are  also  added.  Table 
11  shows  typical  discharge  concentrations.  The  effluent  will 
tend  to  be  high  in  TDS,  hardness,  dissolved  salts,  and  perhaps 
nutrients,  depending  on  the  source  water  concentrations  for  these 
constituents. 

Reuse  Potential 


High  quality  demands  for  boiler  feedwater  makeup  systems 
normally  preclude  the  feasible  use  of  reclaimed  water  for  this 
purpose;  however,  there  are  three  locations,  all  in  western 
Texas,  where  reclaimed  municipal  effluent  is  subjected  to  exten¬ 
sive  additional  treatment  and  used  for  boiler  feedwater  makeup. 
In  all  three  cases,  the  existing  freshwater  supplies  are  severely 
limited.  Because  of  economies  of  scale,  it  is  doubtful  that  an 
Army  installation  could  justify  the  cost  of  the  treatment  facili¬ 
ties  and  chemicals  to  further  treat  reclaimed  effluent  to  a  level 
commensurate  with  alternate  freshwater  supplies. 

Boiler  blowdown  is  usually  high  in  TDS,  but  is  one  of  the 
few  activity  effluents  which  may  be  suitable  for  direct  reuse 
without  further  treatment.  Reuse  of  boiler  blowdown  may  be 
feasible  in  activities  for  which  salts  are  not  a  problem  (e.g., 
paint  shop  water  wall,  air  pollution  control  scrubber,  or  irri¬ 
gation  waters  after  blending). 


TABLE  10.  TOLERABLE  WATER  SUPPLY  QUALITY  - 
LOW  PRESSURE  BOILERS 


Concentration 


Constituent 

(mg/L)* 

bod5 

(1.0) 

COD 

(3.0) 

Phenol 

(0.1) 

SS 

(10) 

TDS 

2 , 000ft 

Hardness  (CaC03) 

10 

O&G 

(0.0) 

Cl' 

(200) 

no3 

t 

NH4 

(2.5) 

P°l 

(0.3) 

HoS 

0.0 

Na 

(200) 

C03 

40 

B 

(2.0) 

CN 

(0.5) 

Fe 

(0.5) 

Mn 

(0.5) 

Si  (as 
Aik  (as 

SiOo) 

CdCOj  ) 

(50) 

(100) 

pH 

>9.0 

*  Concentrations  in  parentheses  are  SCS  Engineers's  estimates 
other  values  based  on  Ref.  9. 
t  Concentrat ion  not  significant  for  this  activity. 
ttDepends  on  boiler  design. 


TABLE  11.  TYPICAL  EFFLUENT  QUALITY 


LOW  PRESSURE  BOILERS 


Constituent 


Concentrat i on 
(mq/L)* 


bod5 

COD 

Phenol 

SS 

TDS 

O&G 

Hardness  ( Ca CO3 ) 

NOo 

NH4 

r\  ~ 


CO, 

B 

CN 

Fe 

Mn 

Zn 

Si 

Ni 

Cu 

Aik  (as  CaC03) 
pH  (units) 


5.0 
15 
0.  5 
50 

3,500 

0.5 

50 

1,000 

150 

2.0 

60 

1,000 

200 

10 

2.5 

2.5 

2.5 

1.0 

2.5 

0-0.1 

3.0 

500 

0.005 

10.0 


*A11  concentrations  represent  5  times  tolerable  source  water 
quality  limits  except  PO4,  Cu ,  Cr,  Zn,  and  Ni. 


Internal  Recyc ling 

Boiler  blowdown  water  could  conceivably  supply  some  of  the 
other  water-consuming  activities  which  take  place  in  boiler 
facilities.  Specifically,  a  portion  of  it  could  be  used  as  main¬ 
tenance  cleaning  water,  stack  scrubber  water,  or  ash-handling 
system  water.  Boiler  blowdown  water  could  be  reused  as  boiler 
feed  only  after  extensive  treatment  that  is  not  economically 
justifiable. 

COOLING  TOWERS 


Description 

Cooling  towers  are  normally  used  with  any  large  air  condi¬ 
tioning,  heating,  power  generation  or  other  heat  transfer  opera¬ 
tion  (e.g.,  vapor  degreasers,  dynamometers,  air  compressors, 
autoclaves).  The  two  basic  types  of  cooling  towers  are  single¬ 
pass  and  recirculating  towers.  A  single-pass  system  uses  water 
from  a  surface  or  ground  water  source  which  is  pumped,  heated, 
cooled  by  evaporation,  and  discharged  to  surface  or  ground  water. 
A  recirculating  system  repeatedly  cools  and  reuses  water.  In 
order  to  maintain  a  stable  dissolved  solids  concentration  in  the 
cooling  tower,  water  from  the  tower  must  be  wasted  (called  blow¬ 
down)  and  replaced  with  makeup  water.  In  addition  to  replacing 
blowdown,  this  makeup  water  must  replace  water  lost  by  evapora¬ 
tion,  wind  drift,  and  leakage. 

Blowdown  can  be  continuous  or  periodic.  The  frequency  and 
amount  of  blowdown  depend  on  the  maximum  dissolved  solids  concen¬ 
tration,  the  dissolved  solids  concentration  of  the  source  water, 
and  the  rate  of  evaporation  in  the  system. 

F 1  ow 

As  mentioned  above,  the  frequency  and  volume  of  blowdown 
depend  on  many  factors. 

As  a  general  approximati on,  the  following  flow  factors  are 
presented  for  a  100-ton  cooling  tower: 

•  Recirculation  rate:  300  gpm 

•  Evaporation  loss:  4.8  gpm 

•  Drift  loss:  0.6  gpm 

§  Leakage  loss:  0.3  gpm 

•  Blowdown:  1.5  gpm 

•  Make-up  water  required:  7.2  gpm. 

Thus,  the  flows  to  and  from  a  100-ton  cooling  tower  are  sig¬ 
nificant  alone.  However,  a  base  with  many  such  towers  can  have  a 
large  total  demand  for  cooling  water. 


Tolerable  Water  Supply  Quality 


Cooling  waters  should  be  cool  in  temperature,  and  should  not 
deposit  scale,  be  corrosive,  or  encourage  the  growth  of  slimes. 
Among  the  constituents  of  water  that  may  prove  detrimental  to  its 
use  for  cooling  purposes  are  hardness,  suspended  solids,  dis¬ 
solved  gases,  acids,  oil,  organic  compounds,  and  slime-forming 
organi sms. 

The  water  quality  requirements  for  cooling  waters  depend 
upon  the  type  of  system,  recirculating  or  once-thro  " g h .  Quality 
requirements  for  cooling  waters  in  recirculating  systems  are 
given  in  Table  12.  Water  quality  requirements  for  once-through 
cooling  are  considerably  less  stringent.  The  primary  quality 
concerns  are,  (1)  excessive  nutrients  stimulating  biological 
activity  and  producing  slime  growth  in  the  cooling  system;  and 
(2)  potential  deposits  from  suspended  matter  in  the  water. 
Except  in  unusual  situations,  the  scaling  and  corrosion  problems, 
which  are  large  concerns  in  recirculating  systems,  are  not  impor¬ 
tant  considerations  in  once-through  systems.  Water  quality 
requirements  for  once-through  cooling  waters  are  estimated  in 
Table  13. 

Seawater  and  other  waters  high  in  TDS  and  turbidity  are  com¬ 
monly  used  is  single-pass  systems,  but  would  cause  severe  prob¬ 
lems  in  recirculating  systems. 

Final  Effluent  Quality 

Recirculating  cooling  tower  systems  concentrate  contaminants 
roughly  five  time  before  blowdown  due  to  evaporation.  Table  14 
shows  typical  discharge  concentrations.  As  shown,  the  effluent 
will  tend  to  be  high  in  TDS,  hardness,  and  dissolved  salts. 
Minerals  and  nutrients  may  be  present  in  high  concentrations 
depending  on  source  water  concentrations  for  these  constituents. 

Reuse  Potential 


There  are  many  locations  in  the  United  States  where  munici¬ 
pal  sewage  effluent  is  further  treated  and  used  for  cooling  water 
makeup  at  large  power  generation  facilities.  Cooling  towers  are 
a  major  potential  user  of  reclaimed  wastewater.  In  addition,  the 
wastewater  discharged  from  the  cooling  towers  could  be  utilized 
for  reuse  at  some  other  low  water  quality  activities,  such  as 
paint  shop  water  walls,  air  pollution  control  scrubbers,  and  wash 
down  operations. 

Internal  Recyc ling 

One  way  to  achieve  recycling  is  to  convert  a  single-pass 
cooling  tower  system  to  a  recirculating  system.  The  feasibility 
of  this  approach  would  depend  on  the  source  water  quality  and  the 
system  design. 


TABLE  12.  TOLERABLE  WATER  SUPPLY  QUALITY  -  COOLING  WATERS 

IN  RECIRCULATING  SYSTEMS 


Concentration 


Const i tuent 

(mg/L)* 

bod5 

10 

COD 

75 

Turbidity 

50 

SS 

100 

TDS 

500-1,500 

Total  P 

0.3 

Hardness  (CaC03) 

50 

Fe 

0 . 3 

Mn 

J.  5 

Si  (as  S i 0 2 ) 

50 

A1 

0. 1 

Ca 

50 

hco3 

24 

so4 

200 

ci- 

500 

Alk  (as  CaC03) 

350 

MBAS 

1.0 

*Ref.  9,  10. 
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TABLE  13.  TOLERABLE  WATER  QUALITY  -  ONCE-THROUGH 

COOLING  WATERS 


Concentrati on 


Constituent  ( mg/L ) * 

SS  100 

Total  P  1.0 

Hardness  (CaCOj)  650 

Fe  0.5 

Mn  0.5 


*A1 1  concentrations  estimated  by  SCS  Engineers.  Constituents 
that  are  not  listed  are  not  critical  for  this  activity. 
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TABLE  14.  TYPICAL  EFFLUENT  QUALITY  -  COOLING  TOWER  BLOWDOWN 


Concentration 


Constituent 

(mg/L)* 

Alkalinity  (CaC03) 

t 

bod5 

7.0 

COD 

35 

Phenol 

0-0. 1 

SS 

30 

TDS 

t 

Cl* 

t 

P  (tot) 

2.1 

Hardness  (CaC03) 

t 

Fe 

0.6 

so4 

+ 

Cu 

0-2.0 

Cr 

0.05 

Mn 

0.1 

Zn 

3.0 

Ni 

1.0 

pH 

7.4 

*Ref .  8,  11. 

tDepends  on  source  water  concentration,  recirculation  cycles, 
and  blowdown  volume.  For  a  typical  recirculating  cooling 
tower,  this  constituent  concentration  will  be  about  5  times 
the  source  water  concentration. 
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DYNAMOMETERS 


Description 

Engine  and  transmission  testing  facilities  usually  contain 
one  or  more  dynamometers,  instruments  used  to  test  and  adjust 
engines  or  transmissions  under  various  loads.  Since  the  dyna¬ 
mometers  generate  a  great  amount  of  waste  heat,  they  are  water 
cooled.  The  hot  wastewater  may  be  discharged  directly,  or  cooled 
first  in  a  pond  or  tower.  If  a  cooling  tower  is  used,  it  may  be 
either  a  once-through  or  recirculating  type. 

FI  ow 

Three  dynamometers  used  for  tuning  rebuilt  tank  transmis¬ 
sions  at  Anniston  Army  Depot  use  an  estimated  11,000  gpd  each  on 
a  single-pass  basis.  (Each  dynamometer  is  operated  approximately 
4.5  hours  per  day.) 

Anniston  also  has  20  engi ne-test i ng  dynamometers,  with  the 
effluent  from  these  passing  through  a  recirculating  cooling  tower 
system.  The  flow  to  the  system  consists  of  makeup  water  added  to 
replace  evaporation,  wind  drift,  and  blowdown  losses.  The  efflu¬ 
ent  consists  of  blowdown  from  the  cooling  tower  system. 

The  Corpus  Christi  Army  Depot  operates  nine  dynamometers  and 
water-brake  systems  for  stressing  and  cooling  rotary  wing  air¬ 
craft  engines  and  transmissions.  Water  from  each  test  cell  is 
recycled  through  a  large  cooling  tower.  The  entire  transmission 
and  engine  test  facility  requires  450  tons  of  cooling. 

Tolerable  Water  Supply  Quality 

Water  used  for  cooling  of  dynamometers  should  be  low  in 
total  and  dissolved  solids,  noncorrosive  and  non-scale  forming. 
Tolerable  water  quality  requirements  are  the  same  as  those  listed 
for  cooling  waters  in  Tables  12  and  13. 

Typical  Effluent  Quality 

In  a  once-through  system,  the  effluent  quality  is  closely 
related  to  the  source  water  quality.  During  use,  small  incre¬ 
ments  of  suspended  and  dissolved  solids  are  added.  If  the  water 
is  recycled  through  a  recirculating  cooling  tower,  however,  the 
pollutants  are  concentrated  several  times  by  evaporation.  For 
typical  blowdown  quality,  see  Table  14. 

Reuse  Potential 

The  potential  exists  for  use  of  reclaimed  wastewater  of  low 
suspended  and  dissolved  solids  concentrations  in  dynamometer 
facilities.  In  addition,  the  wastewater  discharged  from  this 
activity  could  be  utilized  for  reuse  at  activities  not  sensitive 
to  high  salt  concentrations. 
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Internal  Recycling 

Internal  recycling  of  dynamometer  cooling  water  is  possible 
with  a  recirculating  cooling  tower  system.  Recirculating  systems 
are  usually  preferred  over  the  once-through  type  because  of  the 
tremendous  savings  in  water. 

FIRE  PROTECTION/SPILL  WASHDOWN  RESERVOIR 

Descri pti on 

Most  industrial  bases  (depots)  must  provide  storage  of  large 
volumes  of  water  for  fire  protection  and  for  washdown  of  oil  and 
fuel  spills. 

Flow 

It  is  assumed  that  the  reservoir  is  kept  full  and  refilled 
as  needed  to  make  up  for  evaporative  losses.  It  could  also  be 
used  as  an  irrigation  water  buffer. 

Tolerable  Water  Supply  Quality 

Table  15  lists  tolerable  water  quality  limits  for  fire  pro¬ 
tection/spill  washdown  reservoirs. 

Typical  Effluent  Quality 

No  discharge. 

Reuse  Potential 

These  reservoirs  would  be  excellent  recipients  for  secondary 
effluent.  Although  they  are  filled  infrequently  when  used  for 
fire  protection  alone,  these  reservoirs  would  also  be  used  to 
store  reclaimed  water  for  the  reuse  system. 

HOSPITALS/CLINICS 

Descri pti on 

Wastewater  from  hospitals  comes  primarily  from  patients' 
bath/shower  and  toilet  use,  kitchen,  laundry,  and  laboratory 
activities,  and  heating/cooling  plants. 

Wastewaters  from  hospitals  contain  BOD,  COD,  and  TSS  concen¬ 
trations  comparable  to  normal  domestic  sewage,  and  are  amenable 
to  biological  treatment. 


Specific  contaminants  which  may  appear  in  hospital  waste- 
water  include  Hg,  Ba,  Be,  and  B.  Mercury  is  used  primarily  in 
hospital  laboratories,  but  also  appears  in  various  forms  in  medi¬ 
cines,  disinfectants,  and  mildew  inhibitors.  Broken  thermometers 


TABLE  15.  TOLERABLE  WATER  SUPPLY  QUALITY  --  FIRE 
PROTECTION/SPILL  WASHDOWN  RESERVOIRS 


Constituent 

bod5 

COD 

Phenol 

SS 

TDS 

O&G 

Cl* 

N03 

nh4 

PO4 

Na 

CaCOj 

B 

CN 

Fe 

pH 


Concent  rat i on 
( mg/L )  * 

10 

22 

0.01 

10 

t 


1.0 


t 


5.0 


10 

1 

t 

t 

0.1 


0.1 


5.0 


5. 0-9.0 


♦All  concentrations  estimated  by  SCS  Engineers. 
tConcentrati on  not  significant  for  this  activity. 


are  also  a  source  of  Hg.  Silver  contamination  comes  from  spent 
developer  solutions  discarded  by  hospital  x-ray  departments. 
Boron  is  another  contaminant  which  may  appear  in  x-ray  department 
wastes.  This  element  is  found  in  fixer  solutions  used  in  auto¬ 
matic  film  processing  equipment.  Barium  injections  are  used  for 
diagnostic  purposes,  and  this  metal  may  appear  in  a  hospital's 
sanitary  wastes.  Beryllium  is  often  used  in  dental  laboratories 
and  may  appear  in  hospital  wastewater. 

FI  ow 


Wastewater  generated  by  hospitals  and  clinics  averages 
approximately  300  gal  per  bed  per  day. 

Tolerable  Water  Supply  Quality 

See  Base  Housing. 

Typical  Effluent  Quality 

Table  16  summarizes  Army  hospital  wastewater  characteris¬ 
tics.  In  addition  to  metal  concentrations,  hospital  wastewater 
can  differ  from  domestic  wastewater  in  that  it  may  contain  higher 
concentrations  of  pathogenic  viruses  and  bacteria. 

Reuse  Potential 


See  Base  Housing. 

Internal  Recycling 

The  Army  Medical  Bioengineering  Research  and  Development  La¬ 
boratory  has  done  extensive  pilot-scale  testing  of  mobile  treat¬ 
ment  units  capable  of  treating  hospital  wastewater  for  direct , 
potable  use  (7).  The  required  treatment  is  very  sophisticated 
and  expensive,  and  is  justified  only  under  combat  conditions 
where  water  is  extremely  scarce  and  valuable.  At  fixed  Army 
installations,  such  treatment  is  not  justified. 

IRRIGATION 

Descr i pt ion 

Many  bases  irrigate  golf  courses,  athletic  fields,  land¬ 
scaped  areas,  parade  grounds,  and  housing  areas.  In  semi -ari d 
locations,  irrigation  is  usually  the  major  water  user  on  the  base 
during  the  summer.  Irrigation  with  treated  municipal  sewage  ef¬ 
fluent  can  be  considered  an  established  technology,  with  approxi¬ 
mately  300  such  applications  in  operation  in  the  United  States, 
including  over  40  at  golf  courses. 


TABLE  16.  TYPICAL  EFFLUENT 

QUALITY  --  HOSPITALS 

Concentration 

Concentration 

(mg/L)* 

bod5 

250 

COD 

850 

SS 

200 

TDS 

1,400 

O&G 

45 

P04  (as  P) 

170 

Sul  fate 

35 

Turbidity,  JTU 

50 

Alkalinity  (CaCOj) 

125 

ABS  (measure  of  detergents) 

75 

Cd 

0.02 

Ca 

15 

Cr 

1.1 

Fe 

0.3  /*:.  • 

Pb 

0.3 

Mg 

16 

Potassium  (K) 

34 

Na 

360 

Silver  (Ag) 

0.3 

pH 

7.6 

i 


♦Ref.  8 
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FI  ow 


It  is  assumed  that  no  water  is  discharged  from  irrigated 
grounds,  and  that  irrigation  demand  will  vary  tremendously 
depending  on  climatic  conditions.  Potential  irrigation  reuse 
applications  in  semi-arid  areas  are  often  greater  than  the  total 
wastewater  production  of  the  base. 

Tolerable  Mater  Supply  Quality 

Table  17  lists  tolerable  quality  limits  for  irrigation  water 
applied  to  golf  courses.  Of  particular  importance  are  BOD,  chlo¬ 
rides,  and  TDS.  Note  that  some  plants  are  much  less  tolerant 
than  others  to  various  constituent  concentrations,  and  may 
require  water  of  higher  quality  than  that  shown  in  the  table. 

Typical  Effluent  Quality 

No  discharge. 

Reuse  Potential 


Golf  courses  and  other  irrigation  areas  are  excellent  recip¬ 
ients  (sinks)  for  reclaimed  wastewater  if  satisfactorily  treated. 
Nutrients  in  the  wastewater  are  an  advantage  as  fertilizer. 
Where  concentrations  of  certain  constituents  are  intolerable  or 
borderline,  intelligent  irrigation  management  and/or  blending 
with  freshwater  supplies  will  provide  satisfactory  solutions. 


LAUNDRIES 
Descri pt ion 

Most  U.S.  Army  troop  and  training  installations  have  large, 
central  laundry  facilities  for  washing  mi  1 i tary-rel ated  articles, 
such  as  uniforms,  work  clothes,  sleeping  bags,  bedding,  towels, 
and  tablecloths.  Personal  clothing  and  other  personal  articles 
are  washed  at  coin-operated  laundromats. 

FI  ow 


The  large,  i ndustri al -type  laundries  contain  washers  which 
hold  up  to  600  lb  of  clothing  and  fill  with  water  up  to  seven 
times  per  washing  cycle.  Water  consumption  is  large:  data  from 
Fort  Ord  show  that  their  industrial  laundry  uses  an  average  of 
30,000  gal  of  water  per  day;  at  Fort  Jackson,  40,000  to  60,000 
gal  per  day  are  used.  The  Fort  Ord  laundry  uses  an  average  of 
four  gal  of  water  per  item  laundered.  On  a  weight  basis,  indus¬ 
trial  laundries  use  an  average  of  5.6  gal  per  pound  of  clothes 
laundered  (8).  The  wastewater  flow  from  this  type  of  laundry  may 
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TABLE  17.  TOLERABLE  WATER  SUPPLY  QUALITY  --  IRRIGATION 


Constituent 

Concentration 

(mg/L)* 

bod5 

30 

COD 

60 

Phenol 

0.5 

SS 

50 

TDS 

2,000 

O&G 

30 

Cl* 

350 

no3 

10# 

nh4 

20 

P04 

t 

Na 

350 

CaC03 

t 

B 

3.0 

CN 

0.01 

Fe 

10 

pH 

4. 5-9.0 

Media  coliform  number 
-  agricultural  irrigation 

2.2/100  ml 

-  landscape  irrigation 

23/100  ml 

♦All  concentrations  are  SCS  Engineers's  estimates  based  on  water 
quality  of  existing  irrigation  reuse  programs,  and  generally 
constitute  maximums  for  hardy  turf  applications.  Many  plants 
may  have  a  lower  tolerance  to  certain  constituents  (e.g.,  boron) 
than  listed  here. 

#Is  significant  only  if  danger  of  potable  ground  water  contami¬ 
nation. 

tConcentrations  not  significant  for  this  activity. 
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vary  significantly  due  to  vacation  and  holiday  periods  or  exten¬ 
sive  field  training  exercises.  Norma lly,  these  laundries  are  in 
operation  8  to  16  hours  per  day,  5  days  per  week. 


The  quantity  of  wastewater  produced  by  a  coin-operated  laun¬ 
dromat  is  a  function  of  the  frequency  of  machine  use.  Most  laun¬ 
dromats  contain  25  to  35  machines,  each  of  which  uses  30  to  40 
gallons  per  wash.  Wastewater  is  usually  generated  24  hours  per 
day,  7  days  per  week.  Variations  in  wastewater  flow  occur  due  to 
vacation  and  holiday  periods,  weather  conditions,  day  of  the 
week,  and  field  training  exercises. 

Tolerable  Water  Supply  Quality 

The  most  detrimental  constituent  in  water  used  for  launder¬ 
ing  is  hardness,  because  it  increases  soap  usage  and  curd  for¬ 
mation.  In  addition,  the  presence  of  iron  and  manganese,  even  in 
low  concentrations,  can  cause  stains  on  the  materials  being  laun¬ 
dered.  A  summary  of  tolerable  water  supply  concentrations  for 
laundries  is  presented  in  Table  18. 

Typical  Effluent  Quality 

Wastewater  from  laundries  contains  grease,  oil,  dirt,  and 
dyes  removed  from  clothes;  and  soap,  detergents,  bleach,  bright- 
eners,  and  other  agents  used  in  the  cleaning  process.  The  qual¬ 
ity  of  laundry  wastewater  can  vary  widely  depending  upon  the 
condition  of  the  materials  being  washed.  Industrial  laundry 
wastewaters  can  contribute  anywhere  from  1  to  20  times  as  much 
contamination  as  the  average  domestic  wastewater.  They  tend  to 
be  high  in  alkalinity,  turbidity,  and  color.  They  often  have  a 
B0D5  of  at  least  twice  that  of  domestic  sewage  and  contain  heavy 
metals.  As  an  extreme  example,  a  certain  nonmilitary  industrial 
laundry  produced  wastewater  with  5,600  mg/L  SS,  41,000  mg/L  TS, 
and  15,000  mg/L  0&G.  An  industrial  laundry  on  an  Army  post  would 
produce  a  much  weaker  wastewater  with  characteristics  closer  to 
those  in  Table  19. 

Laundromat  effluents  are  in  general  less  contaminated  than 
industrial  laundry  effluents.  Table  20  summarizes  typical  efflu¬ 
ent  quality  for  coin-operated  laundromats. 

Reuse  Potential 

Laundry  wastewater  is  too  heavily  contaminated  to  allow 
direct  cascade  to  another  activity  without  pretreatment.  How¬ 
ever,  after  extensive  pretreatment,  or  after  treatment  in  an 
existing  sewage  or  industrial  waste  treatment  plant,  laundry 
wastewater  could  potentially  be  reused  for  irrigation  or  other 
activities. 

At  this  time,  it  is  probably  not  socially  acceptable  to  use 
sewage  treatment  plant  or  industrial  waste  treatment  plant  efflu¬ 
ent  in  a  laundry.  In  addition,  there  are  no  accepted  quality 


‘Concentrations  in  parentheses  estimated  by  SCS  Engineers; 
other  data  from  Ref.  9,  12,  13  and  14. 
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TABLE  19.  TYPICAL  EFFLUENT  QUALITY  -- 

INDUSTRIAL  LAUNDRY 

Constituent 

Concentrati on 
(mg/L)* 

bod5 

450 

COD 

2,000 

ss 

1  ,000 

TDS 

2,000 

O&G 

300 

Alkalinity  (CaC03) 

500 

Fe 

1.0 

Si 

130 

Ca 

740 

Mg 

6.4 

Cu 

0.3 

Pb 

0.7 

Cd 

0.04 

Zn 

0.5 

Cr 

0.06 

Ni 

2.1 

Hg 

0.001-0.007 

pH 

11.2 

*Ref .  8,  11,  12,  13,  14,  and  15. 
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TABLE  20.  TYPICAL  EFFLUENT  QUALITY 

--  LAUNDROMAT 

Constituent 

Concentrat i on 
(mg/L) 

bod5 

200 

COD 

400 

SS 

130 

TDS 

360 

0&6 

750 

po4 

220 

nh3-n 

3.0 

no3 

1.0 

Ca  C03 

250 

Detergent  (ABS) 

60 

Turbidi ty 

250 

pH 

8.2 

Alkalinity  (CaC03) 

182 

( 


standards  for  supply  water  to  laundries.  However,  internal  re¬ 
cycling  within  a  laundry  has  excellent  potential  for  application 
at  Army  laundry  facilities,  as  discussed  below. 


Internal  Recyclin< 


Commercial  laundry  water  recycling  systems  are  available. 
In  some  of  these  systems,  only  a  portion  of  the  laundry  waste- 
water  is  recycled.  The  relatively  clean  wastewater  from  the  last 
rinse  is  reused  in  the  wash  and  the  early  rinses;  freshwater  is 
still  supplied  to  the  last  rinses.  This  type  of  counter-current 
washing  involves  only  equalization  and  new  plumbing.  No  treat¬ 
ment  is  required. 


Total  recycling  of  all  the  process  waters  is  achieved  by 
some  available  recycling  systems.  The  treatment  requirements 
include  treatment  with  a  germicide  and  de-emulsifier,  chemical 
coagulation,  dissolved  air  flotation,  and  mechanical  filtration 
(11,  14). 


Laundry  water  recycling  systems  could  be  economical  for  both 
industrial  laundries  and  laundromats  on  Army  posts.  They  can  cut 
costs  for  fuel,  chemicals,  water,  and  sewer  charges. 


METAL  CLEANING 


Descri pti on 


Vehicle  and  equipment  maintenance,  repair,  and  rebuilding 
are  common  activities  on  Army  posts.  Some  posts  are  heavily 
involved  in  the  disassembly  and  cleaning  of  engines  and  trans¬ 
missions.  The  equipment  is  disassembled  and  metal  parts  are 
cleaned  in  several  small  individual  operations,  including: 


•  Steam  cleaning 

•  Paint  stripping 

•  Carbon  stripping 

•  Corrosion  removal 

•  Vapor  degreasing 

•  Industrial  washers 

•  Bright  dipping 

•  Hot  and  cold  water  rinses. 


Individually,  these  operations  are  insignificant  water 
users;  however,  when  they  are  located  together  in  a  single  area, 
the  waste  streams  are  often  combined  to  create  a  flow  of  several 
thousand  gal  per  day. 


Flow 


The  flow  rate  to  and  from  a  metal  cleaning  area  is  highly 
variable,  since  the  various  operations  are  performed  on  an  irreg¬ 
ular  basis  as  they  are  needed.  During  operation,  a  trichloro¬ 
ethylene  vapor  degreasing  unit  typically  has  a  cooling  water  flow 


of  5  to  10  gpm,  while  an  industrial  washer  uses  an  estimated  50 
gpm.  Running  hot  and  cold  water  rinse  tanks  typically  overflow 
at  about  8  gpm. 

At  Letterkenny  Army  Depot,  the  flow  rate  from  the  engine 
disassembly  and  cleaning  area  was  found  to  range  from  23  to  100 
gpm.  Even  during  nonoperating  hours,  the  flow  did  not  drop  below 
23  gpm  (16).  At  Red  River  Army  Depot,  there  was  a  continuous 
background  flow  of  wastewater  from  the  maintenance  area.  Sources 
of  the  188  gpm  background  flow  were  the  continuous  water  uses  in 
the  maintenance  area  such  as  running  rinses,  cooling  water  for 
vapor  degreasers,  and  scrubbing  devices  for  control  of  cyanide, 
chromium,  and  particulates  in  ventilation  air  flows  (17). 

Tolerable  Water  Supply  Quality 

The  water  quality  necessary  for  hot  water  rinses  is  similar 
to  that  required  for  rinse  tanks  in  metal  electroplating  and 
finishing  operations  (see  Table  22).  The  water  must  be  of  low 
hardness  and  dissolved  solids.  Water  used  in  vapor  degreasing  is 
circulated  through  cooling  coils  and,  therefore,  should  be  non- 
corrosive  and  nonscaling.  For  acid  stripping  or  for  alkaline 
cleaning,  the  quality  of  water  used  in  the  baths  is  less  criti¬ 
cal,  since  the  added  chemicals  far  outweigh  the  natural  constitu¬ 
ents  of  the  water.  Excessive  hardness  should  be  avoided,  how¬ 
ever.  Assuming  that  a  single  water  supply  is  to  be  used  for  all 
of  these  operations,  the  water  should  be  of  a  very  high  quality. 

Typical  Effluent  Quality 

Chemicals  used  in  the  various  metal  cleaning  operations 
include  various  solvents  and  detergents,  phosphoric  acid,  sodium 
hydroxide,  and  magnesium  chromate.  Typically,  the  waste  stream 
is  highly  contaminated,  containing  suspended  solids,  oil  and 
grease,  carbon,  phosphates,  ammonia,  MBAS,  phenol,  zinc,  iron, 
lead,  aluminum,  chromium,  and  compounds  such  as  orthodi chi oro- 
benzene,  methylene  chloride,  and  trichloroethylene.  The  pH  and 
alkalinity  are  usually  high.  Table  21  shows  typical  effluent 
concentrations  for  several  parameters. 

Reuse  Potential 


Little  potential  for  direct  cascade  to  or  from  metal  clean¬ 
ing  exists.  The  requisite  water  quality  for  the  activity  is 
high;  the  volume  of  use  is  relatively  small;  and  the  waste  stream 
is  highly  contaminated.  All  of  these  factors  are  unfavorable  for 
direct  reuse.  The  wastewater  is  a  heavily  contaminated  indus¬ 
trial  waste  which  is  difficult  to  treat,  thus,  indirect  reuse  is 
possible  only  with  a  sophisticated  industrial  waste  treatment 
scheme  and,  possibly,  dilution  with  higher  quality  water. 


TABLE  21.  TYPICAL  EFFLUENT  QUALITY 

--  METAL  CLEANING 

Constituent 

Concentration 

(mq/L) 

COD 

3,000 

SS 

300 

O&G 

350 

Phenol 

70 

po4 

40 

CN 

0.6 

Pb 

0.4 

Zn 

6.0 

Cr 

25 

Cd 

0.5 

pH 

9.0 

Alkalinity  (CaC03) 

400 

MBAS 


3.0 


Internal  Recycling 

These  wastes  are  most  easily  treated  at  a  centralized  IWTP 
designed  to  handle  "problem"  wastes.  However,  such  low-volume, 
nigh-contamination  wastes  can  provide  a  good  opportunity  for 
waste  pretreatment  and  internal  reuse  if  the  pollution  control 
aspects  of  the  waste  are  creating  a  problem.  For  example,  coun¬ 
ter-current  rinse  systems  and  material  recovery  systems  present 
opportunities  for  internal  reuse  before  the  wastes  are  mixed. 

METAL  ELECTROPLATING  AND  FINISHING 

Descri pti on 

Metal  electroplating  and  finishing  processes  are  involved  in 
the  repair  and  maintenance  of  engines,  equipment,  weapons,  ve¬ 
hicles,  and  rotary-  and  fixed-wing  aircraft.  Army  installations 
with  repair  and  maintenance  operations  usually  have  plating  fa¬ 
cilities.  Each  facility  is  unique,  and  the  processes  used  and 
the  makeup  of  processing  solutions  are  highly  variable.  The  pro¬ 
cessing  equipment  employed,  the  production  volume,  and  the  type 
and  shape  of  the  articles  to  be  processed  also  differ  from  facil¬ 
ity  to  facility.  Plating  materials  include  Cr,  Mn ,  Zn,  Cu,  Cd, 
Ni ,  Ag ,  Au ,  and  CN. 

F 1  ow 


The  volume  of  wastewater  generated  by  plating  and  finishing 
operations  varies  tremendously  in  the  range  of  15,000  to  250,000 
gpd,  depending  on  the  size  and  water  management  practices  of  the 
shop.  A  typical  overflow  rate  for  a  single  cold  water  rinse  tank 
is  10  gpm,  while  that  for  a  hot  water  rinse  tank  is  2  gpm.  This 
can  vary  depending  on  operating  procedures  and  water  saving  atti¬ 
tudes.  For  example,  the  plating  shop  rinse  tanks  at  the  Corpus 
Christi  Army  Depot  were  all  retrofitted  with  conductivity  waters 
and  automatic  shut-off  valves.  Thus,  new  water  was  added  only 
when  the  tank  salt  content  reached  a  certain  level.  Overflow 
volumes  were  cut  drastically  compared  to  the  original  continuous 
overflow  procedure.  In  addition,  plant  engineers  estimated  a 
savings  of  $5,000/tank/yr  in  fuel  cost  for  each  hot  rinse  tank 
due  to  the  conductivity  controls. 

Tolerable  Water  Supply  Quality 

Water  quality  limits  for  plating  depend  on  the  type  of 
plating  being  performed,  and  on  the  particular  operation  receiv¬ 
ing  the  water.  Water  from  the  potable  supply  or  deionized  water 
is  required  for  rinse  tanks,  plating  baths,  and  scrubbers,  which 
together  represent  approximately  80  percent  of  the  activity  water 
demand.  Washdown  is  the  only  low  quality  water  use  in  the  plat¬ 
ing  operation;  it  comprises  approximately  20  percent  of  the  total 
water  demand. 
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TABLE  22.  TOLERABLE  WATER  SUPPLY  QUALITY  --  METAL 
ELECTROPLATING  AND  FINISHING  RINSE  WATERS 


Concentraji on 


Constituent 

(mg/L) 

bod5 

1.0 

COD 

3.0 

TDS 

500 

SS 

1.0 

Phenol 

0.001 

Hardness  (CaC03) 

10 

As 

0.05 

B 

1.0 

Cd 

0.01 

Cr 

0.05 

Cu 

1.0 

CN 

0.2 

Fe 

0.3 

Mn 

0.05 

nh4 

0.5 

no3 

10 

Pb 

0.05 

S04 

5.0 

hco3 

5.0 

Zn 

5.0 

*A11  concentrations  estimated  by  SCS  Engineers. 


later  treatment  stages.  Chemical  contaminants  are  more  concen¬ 
trated  in  the  wastewater  as  a  result,  and  are  thus  easier  to 
t  reat . 

Modifications  which  provide  water  for  internal  reuse 
i ncl ude: 

e  Ion  exchange  concentration  of  chemical  contaminants  in 
rinse  waters,  enabling  the  recovery  of  valuable  metals 
and  yielding  deionized  water  that  is  useful  in  rinse 
tanks  and  in  preparing  new  solutions. 

•  Evaporative  concentration  of  chemical  contaminants  in 
rinse  waters  with  metal  salt  recovery,  and  reuse  of  water 
condensed  from  the  steam  in  rinse  tanks. 

•  Use  of  an  "integrated  treatment"  system  (19):  after 

being  removed  from  the  plating  bath,  metal  parts  are 
rinsed  with  chemicals  which  remove  dragout  before  a  final 
rinsing  with  fresh  water.  The  chemical  rinse  is  treated 
and  recirculated,  while  the  freshwater  rinse  remains 
uncontaminated  and  can  be  80  to  90  percent  reused. 

•  Recirculation  of  water  in  air  pollution  fume  scrubbers. 

A  study  conducted  at  the  electroplating  shop  at  the  Oklahoma 
City  Air  Logistics  Center  illustrates  the  excellent  potential  for 
water  reuse  (20).  At  this  facility,  an  existing  ion  exchange 
system  is  used  to  remove  dissolved  solids  from  raw  water  used  as 
makeup  water,  and  from  rinse  water  in  plating  operations.  The 
wastewaters,  including  washdown  water,  dragout  from  tanks,  and 
rinse  tank  overflows,  were  found  to  contain  small  amounts  of  SS, 
metals,  and  cyanides.  By  making  relatively  minor  adjustments, 
these  flows  could  be  passed  through  in-line,  sand-  or  cartridge- 
type  pressure  filters  for  removal  of  SS,  and  then  treated  by  the 
existing  ion  exchange  system.  The  ion  exchange  system  could 
easily  remove  the  metals  and  cyanide  from  these  waste  flows,  pro¬ 
viding  a  deionized  water  suitable  for  reuse.  The  wastewater 
would  actually  become  the  source  water  for  the  entire  electro¬ 
plating  facility,  reducing  raw  water  usage  by  90  percent. 

The  deionized  water  could  also  be  used  in  the  air  pollution 
fume  scrubbers.  The  scrubbers  are  located  on  the  chrome  plating 
tanks  and  cyanide  tanks.  Presently,  raw  water  is  used  in  the 
scrubbers  on  a  once-through  basis,  and  accumulates  1. 0-2.0  mg/L 
of  either  chrome  or  cyanide.  However,  there  is  evidence  that 
chrome  concentrations  as  high  as  30,000  mg/L  in  a  recycled  scrub¬ 
ber  water  do  not  significantly  affect  pollution  abatement  (20) . 
Therefore,  a  high  recycle  ratio  is  possible,  and  scrubber  efflu¬ 
ent  can  be  routed  to  the  ion  exchange  system  for  reuse.  By  using 
deionized  water,  sealing  problems  can  also  be  reduced. 

Another  internal  treatment/reuse  facility  has  just  been 
constructed  at  the  Corpus  Christi  Army  Depot.  This  operation 


collects  rinse  tank  overflow  waters  and  provides  the  following 
treatment: 

•  Chromi urn:  Approximately  100  gpm  of  chromium  rinse  tank 

water  is  treated  by  a  sand  filter,  SO2  addi¬ 
tion,  and  flocculation  with  polymer  addition. 
Ultimately,  this  water  will  be  recirculated  to 
the  plating  rinse  tanks. 

•  Cyanide:  Cyanide  rinse  waters  are  treated  by  chlori¬ 

nation  and  discharged  to  the  IWTP. 

PAINT  BOOTHS 
Descri pt i on 

All  posts  provide  facilities  for  spray  painting.  A  typical 
paint  area  consists  of  a  series  of  paint  booths  where  vehicles, 
fixed-  and  rotary-winged  aircraft,  and  other  support  equipment 
are  maintained,  and  overhauled. 

A  reci rcul ati ng  water  wall  is  operated  during  painting  to 
scrub  the  air  and  entrain  any  paint  particles  that  have  not 
adhered  to  the  piece  of  equipment  being  painted. 

FI  ow 


Paint  booths  at  Army  posts  generate  wastewater  as  blowdown 
from  the  water  walls.  In  most  cases,  the  water  in  a  booth  is 
drained  and  replaced  about  once  a  month.  The  amount  of  water 
discharged  from  a  single  booth  ranges  from  200  to  8,000  gal, 
depending  on  the  size  of  the  booth.  Usually,  the  wastewater  is 
drained  to  a  sewer,  and  the  sludge  remaining  in  the  system  is 
drummed  and  hauled  away.  Many  of  these  water  walls  are  treated 
with  chemicals  to  aid  in  the  precipitation  and  settling  of  paint 
flue  so  that  the  clarified  water  can  be  used  for  a  longer  period 
of  time. 

Tolerable  Water  Supply  Quality 

Water  for  paint  booth  water  walls  need  not  be  of  high  qual¬ 
ity.  Table  23  summarizes  the  water  quality  requirements  for 
paint  booth  water  walls. 

Typical  Effluent  Quality 

Table  24  delineates  typical  effluent  quality  for  discharges 
from  paint  booths.  As  can  be  seen,  the  waste  is  very  high  in 
BOD,  COD,  04G,  and  MBAS.  Use  of  chromate-based  and  phenolic- 
based  paints  contributes  hexavalent  chromium  and  phenol  to  the 
wastewater. 
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TABLE  23.  TOLERABLE  WATER  SUPPLY  QUALITY  --  PAINT  BOOTH 

WATER  WALLS 


Concentration 


Constituent  (mg/L 

BOD5  30 

COD  60 

Phenol  t 

SS  60 

TDS  t 

O&G  30 

ci-  t 

no3  t 

NH4  15 

P04  t 

Na  t 

CaC03  t 

B  t 

CN  0.5 

Fe  t 


All  concentrations  estimated  by  SCS  Engineers. 
tConcentrat ion  not  significant  for  this  activity  (i.e.,  high 
concentrations  are  tolerable). 


TABLE  24.  TYPICAL  EFFLUENT  QUALITY  --  PAINT  BOOTH  WATER  WALLS 


Constituent 

Concentration 
( mg/L ) 

bod5 

8,100 

COD 

13,600 

Phenol 

1.2 

SS 

2,800 

TDS 

t 

O&G 

280 

Cl" 

t 

no3 

(28) 

nh4 

(0.1) 

P04 

(3.0) 

Na 

t 

CaC03 

t 

B 

(0.1) 

CN 

(0.005) 

Fe 

3.2 

Cr  (Total) 

13 

Cu 

(0.005) 

MBAS 

4,900 

Concentrations  In  parentheses  estimated  by  SCS  Engineers; 
other  concentrations  from  Ref.  4. 
tConcentrations  dependent  on  source  water  quality. 


Water  quality  requirements  for  plating  rinse  waters  are 
shown  in  Table  22.  Numerical  quality  limits  for  makeup  waters 
for  plating  bath  solutions  cannot  be  standardized  because  there 
is  such  a  wide  variety  of  plating  and  finishing  processes.  Cer¬ 
tain  processes  involve  special  water  quality  considerations.  In 
plating  baths,  concentrations  of  iron,  aluminum,  calcium,  magne¬ 
sium,  sodium,  potassium,  carbonate,  bicarbonate,  sulfide,  sul¬ 
fite,  sulfate,  flour ide,  chloride,  silicate,  copper,  and  lead 
have  all  been  reported  to  cause  difficulties  under  certain  condi¬ 
tions. 


Typical  Effluent  Quality 

Effluent  generated  by  metal  plating  and  finishing  operations 
is  totally  dependent  on  the  types  of  processes  involved.  For 
this  reason,  no  "typical"  values  are  presented  here. 

In  general,  if  reuse  is  not  practiced  internally,  the  waste 
can  be  expected  to  contain  high  concentrations  of  metal  ions  and 
cyanides,  but  will  otherwise  be  of  fairly  high  quality  with  only 
small  quantities  of  BOD,  phosphorus,  oil  and  grease,  and  suspen¬ 
ded  solids  contributed  by  the  finishing  operations. 

Reuse  Potential 

Plating  operations  may  offer  limited  reuse  potential.  High- 
quality  secondary  or  tertiary  effluent  is  a  possible  source  of 
washdown  water.  It  is  doubtful,  however,  that  a  separate  system 
providing  reclaimed  water  only  for  washdown  would  be  economically 
and  practically  feasible. 

Some  plating  operations  have  utilized  water  from  power  plant 
scrubbers  that  are  very  high  in  SO2  concentration.  This  water  is 
used  in  the  pretreatment  operation  to  reduce  hexavalent  chrome  to 
the  trivalent  form.  Other  water  uses  demand  very  high-quality 
water  that  would  not  be  economically  available  in  a  reuse  system. 

Due  to  the  high  metals  and/or  cyanide  content  of  the  efflu¬ 
ent  from  the  plating  shop,  direct  reuse  in  other  activities  is 
not  generally  practicable  without  pretreatment  for  cadmium  remov¬ 
al  and/or  cyanide  destruction  prior  to  blending  and  further 
treatment.  However,  it  appears  possible  to  reuse  the  wastewater, 
after  treatment,  for  many  purposes. 

Internal  Recycling 

There  is  excellent  potential  for  reduction  of  the  wastewater 
discharge  volume  and  pollutant  concentrations  from  plating  shops. 
Process  solution  regeneration,  chemical  and  metals  recovery, 
water  reuse  and  water  savings  can  be  accomplished  by  in-shop  mod¬ 
ifications  of  water  flow  patterns,  metal  recovery  systems,  good 
housekeeping,  and  water  conservation.  These  modifications  can  be 
very  economical  and  can  significantly  reduce  water  consumption, 
wastewater  generation,  and  possible  pollution  control  problems  in 


Reuse  Potential 


Painting  facilities  at  Army  posts  appear  to  be  good  poten¬ 
tial  users  of  reclaimed  water,  since  their  wet  walls  and  washdown 
activities  do  not  demand  high-quality  water.  Thus,  highly  disin¬ 
fected  secondary  effluent  could  be  used  for  these  purposes. 

The  effluent  from  paint  shops,  however,  is  highly  contami¬ 
nated  and  has  little  or  no  value  for  potential  reuse,  unless  sig¬ 
nificantly  diluted,  before  further  treatment. 

Internal  Recycling 

Most  paint  shop  water  walls  are  reci rcul ati ng ,  so  the  water 
is  used  over  and  over  again  until  it  is  highly  contaminated  with 
paint.  The  batch  is  then  dumped  and  replaced  with  fresh  water. 

The  final  wastewater  is  usually  too  small  in  volume  and  too 
highly  contaminated  to  make  on-site  treatment  and  reuse  feasible. 

PHOTOGRAPHIC  LABORATORIES 

Descri pt i on 


Many  Army  posts  provide  photo  processing  facilities.  These 
range  from  small  shops  running  8  hours  per  day,  to  large  facili¬ 
ties  operating  24  hours  per  day. 

FI  ow 


Generated  volumes  of  wastewater  range  from  500  to  20,000  gal 
per  day,  depending  upon  the  size  and  type  of  facility. 

Tolerable  Water  Supply  Quality 

The  water  quality  needed  for  use  in  photographic  laborato¬ 
ries  is  listed  in  Table  25.  The  water  quality  limits  are  strin¬ 
gent,  requiring  high-quality  water.  Spots  and  stains  on  the 
product  can  be  caused  by  excessive  concentrations  of  Fe  and  Mn. 
Copper  causes  emulsions  to  fog  and  loss  of  strength  of  color 
developer  (9). 

Typical  Effluent  Quality 

Table  26  provides  typical  effluent  quality  for  discharges 
from  photo  processing  operations.  Photo  lab  effluents  contain 
large  quantities  of  chemi ca 1 -reduc i ng  agents  and  high  cyanide 
concentrations. 

Reuse  Potential 


Because  photo  processing  demands  the  use  of  very  high- 
quality  water,  these  facilities  do  not  appear  to  be  feasible 
recipients  of  reclaimed  water. 
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25.  TOLERABLE  WATER  SUPPLY  QUALITY 


PHOTOGRAPHIC  LABORATORIES 


Consti tuent 

BODjj 

COD 

Phenol 

SS 

TDS 

O&G 

Cl" 

N03 

nh4 

P04 

Na 

CaCOj 

B 

CN 

Fe 

Mn 

Cu 


oncentrations  estimated 


Concentration 
(mg/L  )* 

0.1 

1.0 

0.001 

1  .0 

700 

0.2 

200 

20 

0.1 

3.0 

100 

400 

0.1 

0.01 

0.3 

0.5 

0.5 


SCS  Engineers. 


TABLE  26.  TYPICAL  EFFLUENT  QUALITY  --  PHOTOGRAPHIC  LABORATORIES 


Consti tuent 

B0D5 

COD 

Phenol 

SS 

TDS 

O&G 

Cl" 

no3 

nh4 

po4 

Na 

CaC03 

B 

CN 

Fe 

Ag 

pH 


Concen  t ra  t i on 
(mg/ L )  * 

300 

500 

(0.001 ) 
225 
2,900 
(4.0) 
t 

(8.8) 

(16) 

(9.3) 

t 

t 

18 

(4.8) 

2.0 

0.5 

7.8 


♦Concentrations  in  parentheses  are  estimates  by  SCS  Engineers,  other 
data  from  Ref.  8,11. 
tDependent  on  source  water  quality. 


Wastewater  volumes  are  generally  too  low  to  justify  special 
cyanide  destruction  or  other  pretreatment  facilities.  The  best 
chance  for  reuse  is  by  blending  and  treatment  of  the  photo  lab 
waste  at  the  STP  or  IWTP,  with  subsequent  reuse  of  the  combined 
ef f 1 uent . 

I nternal  Recyc 1 i ng 

Many  larger  photographic  shops,  both  military  and  commer¬ 
cial,  practice  in-plant  pollutant  reductions  for  silver  and  cya¬ 
nides  through  recovery  of  bleaches  and  silver.  These  recovery 
systems  have  been  shown  to  be  cost-effective. 

RECREATIONAL  LAKES 

Description 

Man-made  recreational  lakes  for  picnicking,  fishing,  and 
boating  can  be  filled  with  reclaimed  water.  In  arid  regions  of 
the  country,  the  artificial  lakes  can  provide  needed  water-based 
recreation  and  wildlife  habitat.  These  lakes  can  also  double  as 
fire  protection  reservoirs,  and  can  serve  as  storage  points  in  a 
reclaimed  water  system. 

F 1  ow 


The  lakes  would  be  filled  as  needed,  or  when  suitable  qual¬ 
ity  effluent  was  available. 

Tolerable  Water  Supply  Quality 

Table  27  summarizes  tolerable  water  supply  quality  limits 
for  limited  body  contact/recreational  lakes.  As  shown,  tertiary 
effluent  with  nutrient  removal  would  be  necessary  to  provide  sat¬ 
isfactory  quality. 

Typical  Effluent  Quality 

No  discharge. 

Reuse  Potential 

These  lakes  would  be  possible  recipients  of  tertiary  efflu¬ 
ent,  and  would  usually  be  available  for  limited  body  contact  rec¬ 
reation  only. 

STEAM  CLEANING 

Description 

Steam  cleaning  is  practiced  to  remove  grease  and  oil  from 
vehicles  and  equipment  prior  to  further  maintenance.  Steam 
cleaning  operations  are  often  located  in  wash  rack  areas,  and  are 
adjacent  to  buildings  with  vehicle  and  equipment  maintenance  and 
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repair  functions.  The  steam  cleaning  equipment  is  usually  out¬ 
doors  on  a  dyked  concrete  pad,  with  wastewater  running  into  a 
sewer  or  storm  drain. 

FI  ow 


At  Anniston  Army  Depot,  a  post  with  a  major  tank  rebuilding 
function,  there  are  a  large  number  of  steam  cleaning  operations 
located  throughout  the  industrial  area.  Steam  cleaning  wastes 
are  collected  in  a  separate  sewer  system;  thus,  the  total  flow  of 
steam  cleaning  wastes  can  be  measured.  Workday  flow  rates  aver¬ 
aged  approximately  40,000  gpd  at  Anniston.  The  average  flow  rate 
from  a  typical  steam  cleaning  station,  consisting  of  one  steam 
nozzle  and  one  rinse  hose,  was  estimated  at  about  5  gpm. 

Anniston  has  an  intense  steam  cleaning  program.  Most  bases 
will  not  use  nearly  this  much  water  for  steam  cleaning. 

Tolerable  Water  Supply  Quality 

See  Vehicle  Wash  Racks. 

Typical  Effluent  Quality 

Various  detergents  and  solvents  are  used  in  steam  cleaning, 
and  contribute  phosphates  and  low  levels  of  phenolics  to  the 
wastewater.  The  wastewater  also  has  large  concentrations  of  sus¬ 
pended  solids,  oil  and  grease,  and  may  contain  heavy  metals. 
Table  28  summarizes  typical  effluent  quality  for  steam  cleaning 
wastes. 

Reuse  Potential 


Steam  cleaning  effluent  is  a  heavily  contaminated  industrial 
waste  that  requires  extensive  treatment  before  reuse.  Direct 
cascade  of  steam  cleaning  effluent  to  another  activity  is,  there¬ 
fore,  infeasible.  Use  of  reclaimed  wastewater  for  steam  cleaning 
is  possible  if  the  water  meets  the  tolerable  water  supply  quality 
requirements.  Disinfection  is  not  necessary  because  the  heat  of 
the  steam  is  sufficient  to  sterilize  the  water.  It  appears, 
therefore,  that  steam  cleaning  has  cascade  potential  only  as  the 
recipient  of  high-grade  tertiary  effluent. 

Internal  Recycling 

internal  recycling  of  steam  cleaning  waste  is  infeasible  due 
to  the  heavy  contamination  of  the  effluent. 

VEHICLE  WASH  RACKS 

Description 


All  Army  posts  provide  vehicle  washing  facilities,  usually 
in  the  motor  pool  and  engineering  maintenance  areas.  The  magni- 


TABLE  28.  TYPICAL  EFFLUENT  QUALITY  --  STEAM  CLEANING 


Consti tuent 

Concentrati on 
(mg/L)* 

BOD5 

1  ,300 

COD 

2,800 

Phenol 

8.0 

SS 

1  ,000 

TDS 

-- 

O&G 

245 

Cl" 

-- 

N03 

30 

NH4 

0.1 

po4 

65 

Na 

70 

CaC03 

-- 

B 

0.1 

CN 

<0.01 

Fe 

3.6 

Cd 

0.5 

Cr+6 

0.3 

Cu 

0.2 

Pb 

0.6 

Ni 

<0.05 

Zn 

2.0 

pH 

9.7 

*Based  on  Ref.  22. 
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tude  of  washing  operations  varies  from  post  to  post,  depending 
upon  the  number  of  vehicles,  type  of  vehicle  (tank,  half-track, 
2-1/2-ton  truck,  jeep,  etc.),  road  conditions,  weather,  and  other 
factors. 

For  example,  a  wash  rack  cleaning  tanks  in  muddy  areas  will 
use  much  greater  volumes  of  wash  water  than  a  rack  washing  jeeps 
in  a  desert  area. 

In  most  cases,  wash  racks  consist  of  3/4-in  to  1-1/2-in  hose 
connections  with  spray  nozzle  attachments.  Typically,  detergent 
is  sprayed  onto  the  vehicle,  dirty  and  oily  areas  are  brushed 
manually,  and  the  vehicle  is  spray  rinsed.  Wash  waters  are  gen¬ 
erally  collected  in  floor  drains,  treated  in  an  oil/water  separa¬ 
tor,  and  discharged  to  the  sewer. 

Depending  on  the  number  of  vehicles  being  washed,  bases  may 
also  have  automated  wash  racks'-  simi  1  ar  to  commercial  car  wash 
operations. 

FI  ow 


Wastewater  generation  depends  on  many  factors,  as  discussed 
above.  Typical  generation  of  wash  rack  wastewater  is  estimated 
as  follows: 


Vehicle 
Jeep/car 
2-1/2-ton  truck 
Hal f-track 
Tank 

To! erabl e , Water  Supply  Quality 


Gallons  per  Wash 
50-100 
500-1,000 
1,000-1,500 
1,500-3,000 


Tables  29  and  30  give  two  sets  of  water  quality  criteria  for 
water  supplied  to  wash  racks.  Table  29  applies  when  reclaimed 
sewage  treatment  plant  effluent  is  being  used.  Table  30  applies 
when  wash  rack  effluent  is  being  internally  recycled.  The  cri¬ 
teria  for  STP  effluent  are  more  stringent  than  those  for  inter¬ 
nally  recycled  wastewater.  This  is  because  STP  effluent  contains 
human  bacteria  and  viruses  which  can  pose  a  threat  to  the  health 
of  workers  in  intimate  contact  with  water  sprays. 


To  reduce  the  numbers  of  human  pathogens  in  sewage  to  accep¬ 
table  levels,  conventional  primary  and  secondary  treatment,  ter¬ 
tiary  treatment  by  filtration,  and  effective  disinfection  are 
required.  Filtration  lowers  suspended  solids  to  a  level  of  10 
mg/L  in  a  wel 1 -operated  system.  Suspended  solids  must  be  at  this 
low  level  before  effective  disinfection  can  be  achieved.  In  con¬ 
trast,  when  internally  recycled  wastewater  is  supplied  to  wash 


TABLE  29.  TOLERABLE  WATER  SUPPLY  QUALITY  --  VEHICLE  WASH  RACKS 
USING  SEWAGE  TREATMENT  PLANT  EFFLUENT 


Consti  tuent 

Concentrati on 
(mg/L)* 

B0D5 

10 

COD 

25 

Phenol 

2.0 

SS 

10 

TDS 

2,000 

O&G 

5.0 

Cl". 

600 

N03 

+ 

nh4 

5.0 

P04 

+ 

Na 

600 

CaC03 

500 

B 

t 

CN 

0.5 

Fe 

40 

Pb 

1  .0 

Median  coliform  number 

O 

O 

\ 

CM 

CM 

VI 

♦All  concentrations  estimated  by  SCS  Engineers. 
tConcentratlon  not  significant  for  this  activity. 


TOLERABLE  WATER  SUPPLY  QUALITY  --  VEHICLE 
USING  INTERNALLY  RECYCLED  WATER 

Consti tuent 

Concentration 

(mg/L)* 

B005 

20 

COD 

100 

Phenol 

3.0 

SS 

60 

TDS 

2,000 

O&G 

5.0 

Cl' 

600 

no3 

t 

nh4 

15 

o 

Q. 

t 

Na 

6Q0. 

CaC03 

50Q 

B. 

t 

CN 

0.5 

Fe 

40 

*A11  concentrations  estimated  by  SCS  Engineers. 
tConcentration  not  significant  for  this  activity. 
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racks,  the  level  of  suspended  solids  can  be  higher,  the  only  con¬ 
sideration  being  the  possible  loss  of  washing  quality  at  levels 
higher  than  60  mg/L. 


lical  Effluent  Qualit' 


Table  31  summarizes  typical  effluent  quality  from  vehicle 
washing  operations.  As  shown,  the  waste  is  high  in  SS,  COD,  and 
0&G.  If  solvents  and  detergents  are  heavily  used,  the  waste  will 
also  contain  significant  amounts  of  MBAS,  phosphates,  and  perhaps 
phenol. 


Reuse  Potential 


Vehicle  washing  appears  to  have  potential  as  a  recipient  of 
high-grade  tertiary  sewage  treatment  effluent.  In  most  cases, 
the  cost  of  tertiary  treatment  is  not  economically  justifiable 
solely  for  the  purpose  of  supplying  reclaimed  water  to  wash 
racks.  If  a  highly  disinfected  tertiary  effluent  is  required  for 
other  purposes,  then  wash  racks  are  potential  users. 


Internal 


Wash  rack  wastewater  can  be  used  for  internal  recycling  if 
the  quality  of  the  effluent  meets  the  general  criteria  set  in 
Table  30.  Treatment  for  internal  recycling  usually  involves  set¬ 
tling,  grease  and  oil  separation,  and  filt ration.  To  remove 
heavy  suspended  solids  and  free  oil,  water  from  the  wash  racks  is 
discharged  to  settling  basins  for  a  detention  time  of  at  least  2 
hours.  Sludge  is  pumped  off  the  bottom  to  holding  tanks  or  beds, 
while  the  free  oils  are  removed  by  floating  oil  skimmers.  Water 
from  the  settling  basins  is  then  pumped  over  sand  filters  to 
remove  suspended  solids  remaining  in  the  wastewater. 


The  U.S.  Army  Construction  Engineering  Research  Laboratory 
at  Champaign,  Illinois,  is  studying  the  design,  construction,  and 
operation  of  centralized  facilities  for  tactical  vehicle  washing 
(2,3).  Treatment  of  the  wastewater  by  settling,  skimming,  and 
intermittent  sand  filtration  has  been  investigated  on  a  pilot 
scale.  It  appears  that  the  effluent  would  be  of  high  enough 
quality  to  be  recycled. 


Centralization  of  wash  rack  facilities  increases  the  feasi¬ 
bility  of  reuse  or  recycling  because,  at  a  single,  large  facil¬ 
ity,  enough  water  could  be  used  to  justify  costs  for  piping, 
storage,  and  treatment.  This  concept  is  most  applicable  to  Army 
facilities  washing  large  numbers  of  tactical  vehicles. 


The  Army  has  also  evaluated  various  membrane  processes  for 
the  internal  treatment  and  recycling  of  wash  rack  water.  Under 
normal  c i rcumstances ,  these  processes  prove  too  expensive  for 
typical,  uncentral ized  washing  operations  that  do  not  use  enough 
water  to  justify  the  cost  of  treatment. 
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TABLE  31.  TYPICAL  EFFLUENT  QUALITY  --  VEHICLE  WASH  RACKS 


Concentration 


Constituent 

(mg/L)* 

B0D5 

60 

COD 

900 

Phenol 

(0.01  ) 

SS 

2,000 

TDS 

t 

O&G 

60 

Alkalinity  (CaCOj) 

115 

Cl  - 

t 

no3 

(3.3) 

nh4 

(0.01  ) 

P  (Total) 

33 

P04 

02) 

Na 

t 

CaC03 

t 

B 

(0.01  ) 

CN 

(0.005) 

Fe 

4.7 

Zn 

2.9 

Pb 

2.5 

Mg 

15 

Ca 

31 

♦Concentrations  in  parentheses  estimated  by  SCS  Engineers; 
other  data  from  Ref.  3,8. 

■(■Concentrations  are  strongly  dependent  on  source  water  quality. 


Wash  rack  wastewater  recycling  has  been  practiced  at  Fort 
Hood,  Texas,  for  several  years.  The  wastewater  is  ponded,  and  is 
reused  for  "rough  washing."  Tactical  vehicles  are  sometimes 
"rough  washed"  immediately  after  they  return  from  maneuvers  and 
"fine  cleaned"  later.  A  new  vehicle  washing  facility  with  waste- 
water  recycling  has  been  completed  at  Fort  Riley,  Kansas.  A 
centralized  wash  rack  facility  is  under  design  at  Fort  Drum. 
Others  are  being  considered  at  Fort  Knox  and  Fort  Carson. 


EVALUATION  MODEL  DESCRIPTION 


This  section  describes  the  three  tiers  of  the  Subpotable 
Wastewater  Reuse  Evaluation  Model.  This  model  is  a  tool  to  be 
used  by  the  Army  in  assessing  the  potential  for  reuse  a*  all 
their  posts  and  in  aiding  development  of  optimal  reuse  systems. 

The  tiered  or  phased  approach  allows  for  the  most  efficient 
use  of  time  and  monies.  Admittedly,  many  posts  will  not  be  good 
candidates  for  reuse.  The  first  tier  of  the  model  provides  a 
fast,  effective  means  of  eliminating  these  bases  from  further 
consideration.  Tier  II  provides  a  tool  for  evaluating  the  eco¬ 
nomic  feasibility  of  reuse,  and  a  means  for  further  narrowing  the 
group  of  remaining  posts  to  those  with  excellent  reuse  potential. 
At  this  point.  Tier  III  is  utilized  to  aid  in  the  selection  of 
the  best  reuse  systems  or  networks  for  each  post.  Tier  III  leads 
to  preliminary  engineering  designs  for  the  final  reuse  system. 

Each  tier  will  be  discussed  in  order,  and  the  following 
topics  will  be  covered: 

•  Purpose 

•  Development 

•  Required  data  and  experience 

•  How  to  use  the  model 

•  Discussion  of  model 

•  Model  applications  (Tier  I  only). 

Appendix  A  presents  the  actual  model. 


TIER  I  -  WASTEWATER  REUSE  POTENTIAL  EVALUATION  MODEL 
Purpose 

The  purpose  of  the  Tier  I  Evaluation  Model  is  to  provide  an 
efficient  method  for  quantifying  the  potential  for  wastewater 
reuse  at  fixed  Army  facilities.  The  model  has  been  designed  so 
that  a  knowledgeable  person  can  complete  the  Tier  I  analysis  in 
approximately  one  day,  without  having  to  personally  visit  the 
installation. 

By  evaluating  the  results  of  Tier  I,  the  Army  should  be  able 
to  eliminate  bases  with  little  potential  for  reuse,  and  concen¬ 
trate  on  the  Tier  II  and  Tier  III  efforts  on  those  bases  that 
show  good  potential. 

De vel opment 

The  Tier  I  model  was  developed  using  a  paired  comparison 
weighing  approach. 

First,  five  general  categories  or  criteria  were  developed  as 
reflective  of  reuse  potential  at  an  Army  base.  These  criteria 
are:  climate,  activities,  water  supply,  wastewater,  and  institu¬ 
tional  aspects.  These  major  criteria  were  rank  ordered  as  to 
importance  for  wastewater  reuse  as  follows: 

•  Water  supply 

•  Wastewater 

•  Activities 

•  Institutional  aspects 

•  Climate. 

In  order  to  weigh  the  importance  of  each  criterion,  a  paired 
comparison  procedure  was  used.  Assigning  a  value  of  100  to  the 
first  ranked  criterion,  each  following  criterion  was  ranked  (by 
Delphi  technique)  as  a  percentage  of  importance  compared  to  the 
criterion  immediately  above.  The  result  was  as  follows: 


Criterion 

Wei ght 
Criterion 

as  Compared 
Immedi ately 

to 

Above 

Weight  as  Percentage 
of  Whole 

Water  Supply 

100 

25 

Wastewater 

100 

25 

Act i vi t i es 

80 

20 

Institutional 

Aspects 

90 

18 

Cl imate 


60 


12 


Thus  for  Tier  I,  the  water  supply  and  wastewater  categories 
each  carry  25  percent  of  the  total  weight,  while  base  activities 
are  slightly  less  important  at  20  percent,  followed  by  institu¬ 
tional  aspects  at  18  percent  and  climate  at  12  percent. 

In  order  to  reflect  these  weightings,  the  optimum  score  in 
each  of  the  five  categories  of  the  Tier  I  model  represents  the 
aforementioned  percentages  of  the  total  possible  score. 

It  was  deemed  unnessary  to  carry  the  paired  comparison  ap¬ 
proach  to  the  next  level  of  criteria  under  each  of  the  five  major 
categories;  rather,  a  Delphi  approach  was  used  to  arrive  at  the 
point  values  for  each  question.  Each  member  of  the  project  team 
worked  independently  in  assigning  point  values  to  each  question. 
These  values  were  averaged  and  then  adjusted  uniformly  so  that 
the  total  possible  point  score  for  the  category  would  be  correct. 

Required  Data  and  Exper’once 

Completion  of  Tier  I  requires  a  sound  general  knowledge  of 
five  major  information  areas  of  the  post:  water  supply,  waste- 
water  treatment/disposal,  activities,  institutional  aspects  of 
the  water  and  wastewater  systems,  and  climate.  The  evaluator 
responsible  for  completing  Tier  I  need  not  be  a  sanitary  engi¬ 
neer;  however,  they  should  be  familiar  with  Army  posts,  should  be 
completely  briefed  on  the  purpose  and  use  of  the  Tier  I  model, 
and  should  have  enough  technical  background  to  adequately  inter¬ 
act  in  discussions  of  water  supply  systems,  wastewater  treatment. 
Army  activities,  etc. 

Most  importantly,  the  evaluator  must  locate  a  key  person  or 
persons  at  each  post  who  has  or  knows  where  to  obtain  the  type  of 
information  needed  for  Tier  I.  This  person  will  most  likely  be 
working  in  the  Facilities  Engineering  office.  The  model  can  be 
quickly  and  efficiently  completed  if  these  key  people  can  be 
located. 

How  to  Use  the  Model 

Tier  I  is  very  straightforward.  The  evaluator  merely  an¬ 
swers  each  question  based  on  data  available  in  base  records,  or 
by  interviews  with  key  base  personnel.  The  total  score  will  fall 
into  one  of  the  four  categories  for  reuse  potential  delineated  at 
the  end.  Based  on  the  result,  the  base  will  either  be  dropped  or 
the  evaluator  will  continue  on  to  Tier  II. 

Discussion  of  Tier  I  Model 

This  section  provides  a  discussion  of  the  reasoning  behind 
the  selection  of  individual  questions  and  their  importance  for 
each  of  the  five  categories.  The  complete  Tier  I  questionnaire 
can  be  found  in  Appendix  A. 
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Water  Supply-- 

A  key  to  wastewater  reuse  potential  is  the  availability  and 
cost  of  the  base  water  supply,  both  now  and  in  the  future.  Water 
shortages,  potential  water  supply  problems,  and  large  water  usage 
are  all  factors  that  make  reuse  look  more  attractive. 

Question  1.  Is  the  base  water  supply  available  from  a  re¬ 
liable  source  for  the  next  20  years? 

Rema rk s :  A  negative  response  signals  possible 
1 ong-range  supply  problems,  a  plus  for  reuse. 

Question  2.  Is  there  possible  significant  depletion  of  the 
water  supply  within  10  years? 

Remarks :  A  negative  response  means  future 

planning  and  possible  design  of  new  water 
supply  facilities  -  a  good  time  to  evaluate 
reuse. 


Question  3.  Is  there  an  anticipated  problem  with  the  water 
supply  within  5  years? 

Rema  rk  s  :  Negative  response:  High  rating  for 
reuse  as  evaluation  and  planning  for  new  or 
additional  water  supplies  should  include  reuse 
possi bilities. 

Question  4.  What  is  the  present  cost  of  water  procurement 
and  treatment  per  1,000  gal? 

Rema  rk  s :  High  water  costs  are  a  driving  force 
for  reuse  as  the  economics  of  reuse  become 
more  attractive. 

Question  5.  Is  there  a  foreseeable  event  that  could  mar¬ 
kedly  increase  water  costs  in  the  next  10 
years? 

Remarks :  Although  costs  may  be  reasonable 

now,  many  areas  are  realizing  increased  costs 
as  water  sources  are  depleted  and  quality  de¬ 
grades.  Future  cost  increases  benefit  reuse 
economics. 


Question  6.  Is  expansion  or  upgrading  of  the  water  supply/ 
treatment  systems  planned  in  the  next  10 
years? 


Remarks :  Reuse  can  provide  savings  in  reduced 
plant  capacity.  Planning  should  include  reuse 
f eas i bi 1 i ty . 


<V 
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Question  7. 


What  volume  of  water  is  used  on  the  average  in 
MGD? 


Remarks :  Bases  using  large  volumes  of  water 
realize  economies  of  scale  when  considering 
the  cost  of  reuse  facilities.  High  usage  may 
also  reflect  extensive  irrigation  and/or  large 
industrial  users;  both  are  positive  for  reuse. 

Question  8.  What  is  the  TDS  (mg/L)  of  the  base  water 
supply? 

Remarks :  High  TDS  water  is  less  attractive 
for  reuse  because  of  the  low  salt  tolerance  of 
some  vegetation  and  the  reduced  recycle  poten¬ 
tial  in  cooling  systems.  Domestic  use  in¬ 
creases  TDS  by  300  mg/L,  thereby  increasing 
reuse  problems  where  the  water  supply  is 
already  high  in  TDS. 

Wastewater- 

Wastewater  management  is  an  important  consideration  for 
reuse:  treatment  facilities,  effluent  quality,  discharge  re¬ 
quirements,  costs,  and  volumes  are  all  important  factors.  In 
general,  bases  with  large,  expensive  treatment  facilities  dis¬ 
charging  high-quality  effluent  have  good  reuse  potential;  this  is 
also  true  of  bases  at  the  other  extreme  with  outdated  or  over¬ 
loaded  treatment  facilities  that  are  unable  to  meet  discharge 
requirements. 

Question  9.  Does  the  base  treat  wastewater  for  direct  dis¬ 
charge  to  surface  water  or  land? 

Remarks :  Direct  discharging  bases  are  given 
positive  reuse  ratings  because  of  the  problems 
associated  with  meeting  increasingly  stringent 
discharge  requirements.  Reuse  is  one  answer 
for  reducing  plant  loadings,  or  for  elimina¬ 
ting  discharges  altogether. 


Quest i ons 

10 

to  13  for  Base  STP  Only 

Question 

10. 

Does  the  treatment  plant  presently  meet  dis¬ 
charge  requirements? 

Remarks:  A  negative  response  indicates  a 
wastewater  management  problem  for  which  reuse 
may  be  part  of  the  solution. 

Quest i on 

11. 

Will  additional  treatment  facilities  be  re¬ 
quired  within  the  next  5  years? 
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Remarks :  A  positive  response  indicates  plan- 

ni n g ,  design,  and  construction  of  new  facili¬ 
ties.  Reuse  could  have  positive  impact,  or 
could  conceivably  alleviate  the  problem  so 
that  new  facilities  would  not  be  necessary. 

Question  12.  What  quality  is  the  plant  effluent  in  terms  of 
BOD  (mg/L)? 

Remarks :  Good  quality  effluent  is  a  bonus  for 
reuse  in  that  little  extra  treatment  is  re¬ 
quired  for  reuse  and,  therefore,  the  economics 
look  more  advantageous. 

Question  13.  What  percentage  of  design  capacity  is  in  use? 

Remark  s :  As  plants  near  design  capacity, 
decisions  on  expans i on/reuse  have  to  be  made. 
Problems  with  overloading  may  be  alleviated  by 
reuse . 

Questions  14  to  16  for  Base  IWTP  Only 

Question  14.  Does  the  treatment  plant  presently  meet  dis¬ 
charge  requirements? 

Rema rk  s  :  (Same  as  10.) 

Question  15.  What  quality  is  the  plant  effluent  in  terms  of 
COD  (mg/L)? 

Remarks  :  (Same  as  12.) 

Question  16.  Are  discharge  limits  set  for  specific  contami¬ 
nants  (i.e.,  heavy  metals,  CN,  nutrients)? 

Remarks :  Industrial  waste  treatment  plants 

with  specific  contaminant  limits  are  likily  to 
have  a  higher  quality  effluent  (better  for 
reuse).  They  may  also  have  problems  meeting 
these  discharge  standards,  in  which  case  reuse 
may  be  of  assistance. 


Question 

17. 

What  total 
untreated. 

quantity  of  wastewater,  treated  and 
is  discharged  from  the  base  in  MGD? 

Remarks : 
bases  with 

Economies  of  scale  favor  reuse 
large  wastewater  volumes. 

at 

Question 

18. 

If  the  base  discharges  to  a  municipal  or 
gional  sewer  system,  what  is  the  discharge 
per  MG? 

re¬ 

fee 
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Rema rk s :  High  discharge  fees  have  a  positive 
effect  on  reuse  economics. 

Question  19.  Are  future  changes  likely  that  would  markedly 
increase  the  discharge  fee? 

Remarks :  Again,  future  increases  in  discharge 
Tees  c"an  have  a  positive  impact  on  current 
reuse  planning. 

Activities-- 

In  order  to  have  a  successful  reuse  program.  Army  bases  must 
have  sinks,  i.e.,  activities  where  the  reclaimed  water  can  be 
used.  Without  sinks,  reuse  is  impossible.  In  addition,  it  is  ad¬ 
vantageous  for  a  base  to  have  large  industrial  activities  that 
either  generate  large  volumes  of  reclaimable  wastewater  or  that 
can  use  reclaimed  water  as  a  supply. 

Question  20.  Does  the  base  have  a  golf  course? 

Remarks:  Golf  courses  are  the  best  sink  on 

most  bases,  as  reclaimed  water  can  be  used  for 
irrigation.  This  can  be  a  very  high-volume 
use,  depending  on  the  climate. 

Question  21.  Is  the  golf  course  irrigated? 

Remarks :  If  the  course  is  already  irrigated, 

then  reclaimed  water  can  be  substituted  and 
the  existing  sprinkler  system  utilized.  How¬ 
ever,  even  if  the  course  is  not  currently 
irrigated,  if  reclaimed  water  is  available,  an 
irrigation  system  can  be  constructed. 

Question  22.  How  many  acres  of  landscape  and  athletic 
fields  could  be  irrigated  if  reclaimed  water 
were  available? 

Rema rks :  Again,  irrigation  of  landscape  and 
athletic  fields  is  a  good  sink  for  reclaimed 
water. 

Question  23.  How  many  large  industrial  cooling  towers  does 
the  base  have? 

Remarks :  Cooling  tower  makeup  is  another  good 
use  for  reclaimed  water. 

Question  24.  If  the  base  has  a  plating  shop,  how  much 
wastewater  does  the  shop  discharge  in  1,000 
gal/day ? 
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Remarks :  Large  plating  shops  prove  the  poten- 
tial  for  water  savings  by  internal  treatment/ 
recycle,  and  usually  discharge  large  volumes 
of  wastewater  that,  when  properly  treated, 
provide  a  good  source  of  reclaimed  water. 

Questions  25  through  34. 

Remarks :  All  these  questions  refer  to  the 

presence  or  absence  of  key  activities  on  the 
base  that  have  potential  as  sinks  for  the  use 
of  reclaimed  water.  The  more  important  acti¬ 
vities  are  given  more  value. 

Question  35.  Does  the  base  have  a  large  pesticide  manage¬ 
ment  program? 

Remarks :  Pesticide  disposal  can  generate 

highly  contaminated  wastewaters.  Bases  with  a 
pesticide  management  program  are  rated  favor¬ 
able  for  reuse,  as  these  toxic  contaminants 
must  be  removed  at  the  source  before  they  can 
enter  the  wastewater  system. 

Question  36.  Does  the  base  have  any  other  activities  using 
more  than  25,000  gpd  that  we  have  not  inclu¬ 
ded? 

Remarks :  We  may  have  omitted  something. 

Dependi ng  on  the  significance  of  the  omission, 
the  evaluator  assigns  a  point  value. 

Institutional  Aspects-- 

Experience  has  shown  that  institutional  and  legal  aspects  of 
reuse  programs  can  be  extremely  important  at  military  bases.  In 
some  instances,  legal  constraints  or  negative  attitudes  towards 
reuse  have  stopped  reuse  programs  that  were  technically  feasible 
and  economically  justified. 

Question  37.  Is  the  base  free  of  any  long-term  purchase 

agreements  that  would  prohibit  the  base  from 
cutting  back  on  water  usage? 

Remarks :  Constraints  on  the  ability  to  reduce 

water  usage  are  obviously  detrimental  to  reuse 
programs . 

Question  38.  Is  the  base  free  of  any  water  laws  (i.e., 

Doctrine  of  Prior  Appropriation)  or  commit¬ 
ments  to  regional  wastewater  systems  that 
would  prohibit  a  reduction  in  volume  of  ef¬ 
fluent  discharged? 


82 


Remarks :  Constraints  on  the  ability  to  reduce 
wastewater  discharge  volumes  are  detrimental 
to  reuse  programs. 

Question  39.  Is  wastewater  reuse  occurring  now  or  being 
planned  in  surrounding  communities? 

Remark s :  Reuse  in  surrounding  areas  portends 
"o?  local  pressures  and  a  favorable  legal/in¬ 
stitutional  climate  for  reuse. 

Question  40.  What  percentage  of  the  total  wastewater  gener¬ 
ated  on-base  is  currently  being  reused? 

Rema rk s :  Bases  already  reusing  a  portion  of 

their  wastewater  are  obvious  candidates  for  a 
more  comprehensive  reuse  plan. 

Question  41.  Is  there  a  potential  large  civilian  water  user 
near  the  base  (i.e.,  golf  course,  power  plant, 
agriculture) ? 

Remarks :  Large  civilian  water  users  near  the 

base  can  offer  a  sink  for  reclaimed  water  if 
the  quality  is  sufficient  and  the  economics  of 
transport  are  feasible. 

Question  42.  Are  key  base  personnel  interested  in  using  re¬ 
claimed  water? 

Remarks :  The  attitudes  of  key  personnel  to- 

wards  wastewater  reuse  is  a  prime  factor  in 
the  success  of  a  program. 

Cl i mate-- 

A  last  major  area  of  interest  is  climate.  Because  of  the 
value  of  irrigation  as  a  major  reuse  application,  bases  located 
in  arid  and  semi-arid  areas  have  an  advantage  over  bases  located 
in  areas  with  high  rainfall.  Although  it  is  not  always  the  case, 
bases  located  in  dry  areas  tend  to  have  more  serious  water  supply 
problems  than  those  in  more  temperate  zones. 

Question  43.  What  is  the  average  yearly  rainfall  on  the 
base  in  inches/year? 

Remarks :  Areas  with  low  rainfall  are  rated  as 
more  positive  for  reuse. 

Question  44.  What  is  the  average  yearly  pan  evaporation  on 
the  base  in  inches/year? 
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Remarks :  Areas  with  high  evaporative  loss  are 
apt  to  have  a  higher  demand  for  reclaimed 
water. 


The  final  page  of  the  Tier  I  model  delineates  four  cate¬ 
gories  of  final  scores.  These  are  as  follows: 


0  to  54  points: 
55  to  74  points: 

75  to  100  points: 
Over  100  points: 


Poor  potential,  no  further  evaluation 
Marginal  potential,  evaluator's  decision  on 
whether  to  pursue  Tier  II 
Good  potential,  proceed  to  Tier  II 
Excellent  potential,  proceed  to  Tier  II  and 
note  possibility  of  Tier  III. 


Model  Applications 

The  Tier  I  evaluation  model  was  tested  at  three  Army  bases: 
Fort  Ord,  Fort  Jackson,  and  Anniston  Army  Depot.  Table  32  shows 
the  results  of  these  trial  applications. 

As  shown,  Fort  Ord  ranked  in  the  highest  reuse  category,  and 
is  a  good  example  of  a  base  that  has  excellent  reuse  potential. 
It  ranked  very  high  in  all  categories  but  Wastewater. 

Fort  Jackson  scored  at  the  top  of  the  marginal  potential 
category  with  72  points.  Fort  Jackson  scored  well  in  the  Water 
Supply  and  Activity  categories,  but  very  low  in  the  Wastewater 
and  Institutional  categories,  and  should  be  evaluated  under  the 
Tier  II  model. 

Anniston  Army  Depot  ranked  in  the  marginal  reuse  potential 
category.  Anniston  has  many  large  industrial  activities  and 
wastewater  management  problems  that  scored  well  for  reuse.  How¬ 
ever,  the  base  has  no  water  supply  problems,  and  rated  low  in 
Institutional  aspects  and  Climate. 

At  the  time  of  this  report  completion,  the  Army  is  planning 
to  run  Tiers  II  and  III  at  two  Army  posts  during  the  summer  of 
1979.  The  bases  tentatively  selected  are:  Ft.  Bliss,  Tobby 
Hannah  Army  Depot. 
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TABLE  32.  TRIAL  APPLICATIONS  OF  THE  TIER  I  EVALUATION  MODEL 


Points 

Category 

Fort  Ord 

Fort  Jackson 

Anniston 
Army  Depot 

I.  Water  Supply 

1 

4 

4 

0 

2 

6 

0 

0 

3 

9 

9 

0 

4 

6 

4 

4 

5 

5 

5 

0 

6 

3 

3 

0 

7 

5 

5 

2 

8 

2 

4 

2 

Subtotal 

40 

34 

8 

II.  Wastewater 

9 

7 

0 

7 

10 

0 

NA 

6 

11 

0 

NA 

4 

12 

2 

NA 

0 

13 

0 

NA 

2 

14 

NA 

NA 

6 

15 

NA 

NA 

0 

16 

NA 

NA 

3 

17 

NA 

3 

2 

18 

NA 

3 

NA 

19 

NA 

0 

NA 

Subtotal 

9 

6 

30 

III.  Acti vi ties 

20 

4 

4 

0 

21 

3 

3 

NA 

22 

4 

4 

4 

23 

0 

2 

1 

24 

0 

0 

4 

25 

0 

0 

1 

26 

2 

2 

2 

27 

1 

0 

1 

28 

0 

0 

0 

29 

2 

2 

2 

30 

0 

0 

0 

31 

3 

0 

0 

32 

1 

1 

1 

Xi 


TABLE  32  (continued) 


Points 

Anni ston 

Category 

Fort  Ord 

Fort  Jackson 

Army  Depot 

III. 

Activities 

33 

0 

0 

0 

34 

0 

2 

2 

35 

0 

0 

0 

36 

0 

0 

0 

Subtotal 

20 

19 

18 

IV. 

Institutional 

Aspects 

37 

4 

4 

4 

38 

0 

4 

4 

39 

6 

0 

0 

40 

0 

0 

4 

41 

4 

0 

0 

42 

8 

0 

0 

Subtotal 

22 

8 

8 

V. 

Cl imate 

43 

7 

0 

0 

44 

4 

4 

4 

Subtotal 

11 

_4 

_4 

TOTAL  POINTS 

102 

72 

72 

TIER  II  -  WASTEWATER  REUSE  POTENTIAL  EVALUATION  MODEL 
Purpose 

The  purpose  of  the  Tier  II  Evaluation  Model  is  to  provide  an 
efficient  method  for  the  Army  to  assess  the  reuse  potential  of 
those  bases  that  scored  well  in  Tier  I.  Tier  II  is  critical: 
the  bases  that  show  potential  through  Tier  II  are  destined  for 
detailed  evaluation  and  conceptual  system  design,  at  significant 
time  and  expense,  under  Tier  III. 

Tier  II,  thus,  is  the  intermediate  process  between  the  gen¬ 
eral  Tier  I  and  the  detailed  Tier  III.  Tier  II  will  cost  the 
Army  a  few  thousand  dollars  per  base. 

Devel opment 

The  Tier  II  model  is  a  re-creation  of  engineering  procedures 
used  by  SCS  Engineers  in  previous  water  reuse  evaluations  of 
military  facilities.  To  the  maximum  extent  possible,  the  model 
leads  the  reviewer  through  a  step-by-step  approach.  However,  the 
more  sophisticated  nature  of  Tier  II  requires  engineering  judge¬ 
ment. 

Required  Data  and  Experience 

It  is  estimated  that  the  Tier  II  will  require  10  to  15  man- 
days  per  base.  The  following  general  tasks  will  be  involved: 

■ 

1.  Base  investigation 

•  Review  of  existing  water-  and  wastewater-related 
records 

•  Interviews  with  key  personnel 

Base  maps 

Descriptions  of  activities 

Existing  treatment  description,  performance,  and 

cost 

Costs  for  water  procurement  and  treatment 

Future  plans  and  developments 

•  Possible  minor  activity  sampling  (bucket  and  stop¬ 
watch)  . 

2.  Implementation  of  Tier  II  evaluation  model 

3.  Decision  as  to  whether  or  not  to  proceed  to  Tier  III 

effort. 
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Tier  II  requires  more  detailed  data  than  Tier  I.  As  men¬ 
tioned  above,  key  personnel  must  be  interviewed  and  base  records 
reviewed  for  pertinent  information.  A  short  summary  of  the  data 
needed  for  Tier  II  is  as  follows: 

•  Activities  -  daily/monthly  water  usage  and  wastewater 
generation,  seasonal  usage  patterns 

•  Spatial  relationships  -  base  map  and  exact/location  of 
all  activities 

•  Costs  for  water  supply  and  wastewater  treatment/disposal 

•  Type  of  wastewater  treatment  and  plant  performance 

•  Future  plans  for  expansion  or  upgrading  of  water  and/or 
wastewater  systems. 

Tier  II  requires  engineering  judgement.  We  recommend  that 
the  evaluator  be  an  environmental  engineer  with  experience  in 
Army  post  activities,  and  with  general  knowledge  of  wastewater 
treatment  units,  water  piping  systems,  and  the  concepts  of  water 
reclamation  and  reuse.  The  model  contains  most  of  the  detailed 
cost  and  performance  information  required;  however,  this  data 
must  be  utilized  by  a  knowledgeable  engineer  to  obtain  optimum 
results. 

How  to  Use  the  Model 


The  Tier  II  model  is  straightforward:  the  evaluator  follows 
instructions,  provides  data,  and  makes  decisions  as  required. 
The  model  will  lead  to  development  of  simplified  reuse  schemes 
for  the  base.  These,  in  turn,  will  be  evaluated  economically  in 
the  last  section  of  Tier  II  to  allow  comparison  of  the  feasi¬ 
bility  of  reuse. 

Discussion  of  Tier  II  Model 

Tier  II  is  divided  into  four  sections.  Each  section  builds 
on  the  data  generated  in  the  previous  section,  and  all  lead  to  a 
final  economic  analysis  of  reuse  alternatives.  The  four  sections 
of  Tier  II  are: 

•  Activities 

•  Spatial  relationships 

•  Conceptual  reuse  systems 

•  Economics. 

The  Activities  Section  leads  to  a  complete  listing  of  all 
base  activities  to  be  considered  for  inclusion  in  the  reuse  sys¬ 
tems,  while  the  Spatial  Relationships  Section  aids  in  locating 
these  activities  and  eliminating  those  that  are  too  far  removed 
from  the  main  reuse  system  to  be  feasible.  The  heart  of  the  Tier 
II  model  is  the  third  section.  Here,  conceptual  reuse  networks 
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are  laid  out  for  eventual  cost  comparison,  and  treatment  require¬ 
ments  are  assessed,  including  upgrading  of  existing  facilities. 
Finally,  the  completed  reuse  systems  are  subjected  to  a  simpli¬ 
fied  cost  analysis. 

Appendix  A  contains  a  complete  presentation  of  the  Tier  II 
model.  The  model  is  complete  with  all  operational  instructions 
and  descriptions  of  required  supportive  data. 
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TIER  III  -  WASTEWATER  REUSE  POTENTIAL  EVALUATION  MODEL 
Purpose 


The  purpose  of  the  Tier  III  evaluation  model  is  to  assist 
the  Army  in  selecting  the  best  water  reuse  systems  at  posts  with 
high  reuse  potential.  Tier  III  is  the  final  phase  of  the  model 
and  leads  to  preliminary  engineering  designs  of  reuse  networks. 

Tier  III  is  not  to  be  used  for  final  design  and  costing  pur¬ 
poses,  but  rather  as  a  tool  to  efficiently  compare  the  overall 
estimated,  costs  of  selected  reuse  schemes. 

Devel opment 

The  Tier  III  model  is  based  on  previous  work  performed  by 
SCS  Engineers  for  the  Air  Force^'.  Tier  III  centers  on  a  com¬ 
puter  model  that  is  used  to  simulate  reuse  schemes  at  each  post 
that  has  qualified  after  Tier  II. 

Section  V  of  this  report  summarizes  the  modifications  that 
were  made  to  the  original  computer  program  so  that  it  would  now 
accurately  reflect  Army  water  management  options.  Section  V  also 
summarizes  the  results  of  test  runs  of  the  computer  model  at  a 
hypothetical  Army  base  called  "OVERLORD." 

Required  Data  and  Experience 

Tier  III  is  a  detailed  post  survey  requiring  up  to  3  man- 
months  of  effort  and  a  cost  of  approximately  $43,000.  Note, 
however,  that  approx imately  50  percent  of  these  costs  are  for 
sampling  and  analysis  which,  if  done  in-house  by  the  Army,  could 
greatly  reduce  the  Tier  III  cost.  A  general  breakdown  of  these 
costs  is  as  follows: 


•  Labor  and  Overhead  $15,000 

•  Sampling  equipment  and  sample  analysis  21,000 

•  Transportation  and  Per  Diem  3,000 

•  Phone,  Reproduction,  and  other  Direct  Costs  1,000 

•  Profit  (if  performed  by  private  contractor)  3,000 

total  yri'I'ihn) 


Tier  III  should  be  used  only  at  highly  qualified  bases, 
namely  those  that  showed  positive  results  on  Tiers  I  and  II. 

The  following  general  tasks  are  involved: 

1.  In-depth  base  visit  (20-30  man-days) 
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•  Interviews  with  base  personnel  to  expand  on  Tier  II 
data 

•  Composite  and  grab  sampling  of  all  activities  without 
good  existing  data.  This,  along  with  interviews, 
should  yield  complete  activity  descriptions. 

•  Survey  of  the  base  for  location  of  possible  new 
treatment,  storage,  or  pumping  facilities,  and  best 
location  for  reclaimed  water  pipelines. 

2.  Completion  of  all  input  data  for  the  computer  program 
(Phase  I) 

3.  Run  Phase  I  of  computer  program 

4.  Completion  of  conceptual  networks  and  other  Phase  II 
computer  program  input 

5.  Run  Phase  II  of  computer  program 

6.  Complete  Tier  III  evaluation  and  make  conclusions  and 
recommendat i ons . 

Tier  III  requires  accurate  data  on  all  important  reuse  acti¬ 
vities  (previously  identified  in  Tier  II)  for  each  post.  This 
involves  information  on:  water  usage,  wastewater  generation  and 
characteristics,  and  tolerable  water  qualities  if  reclaimed  water 
is  to  be  used.  The  model  is  set  up  to  accept  flow  information  on 
either  a  daily  or  a  monthly  basis.  It  is  usually  necessary  to 
sample  with  automatic  composite  samplers  or  at  least  a  thorough 
grab  sample  program  to  get  this  data  for  all  activities  required. 
Past  work  has  shown  that  most  posts  will  include  about  10-15 
activities,  and  will  incorporate  about  10-15  wastewater  charac¬ 
teristics  (SS,  BOD,  etc.)  in  the  data  base. 

Tier  III  does  not  require  the  services  of  a  computer  pro¬ 
grammer,  although  general  knowledge  of  Fortran  and  data  entry 
procedures  is  always  useful.  Tier  III  does  require  an  environ¬ 
mental  engineer  to  evaluate  interim  computer  output  and  to  make 
decisions  as  to  appropriate  reuse/networks  for  testing.  The  en¬ 
gineer  must  also  evaluate  final  cost  figures,  make  adjustments 
for  existing  equipment,  and  perform  other  engineering  judgements. 
The  model  is  not  the  answer,  but  a  tool  to  aid  the  engineer  in 
arriving  at  the  answer. 

At  the  time  of  this  writing,  the  Tier  III  portion  of  the 
model  will  be  implemented  by  the  Army  Construction  Engineering 
Research  Laboratory,  Champaign,  Illinois  (CERL).  The  CERL  compu¬ 
ter  will  be  programmed  to  run  the  Tier  III  reuse  model,  with 
assistance  from  SCS  Engineers  if  necessary. 

All  Tier  III  documentation  can  be  found  in  Volume  II  of  this 
report.  Included  in  Volume  II  is  the: 
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•  Users  Manual  -  containing  a  complete  description  and  lay¬ 
out  for  the  Tier  III  computer  program  data,  including 
addendum  sheets  for  the  new  modifications  made  under  this 
contract 

•  Program  Copy  -  a  copy  of  the  reuse  computer  program. 

In  addition,  the  program  source  deck  has  been  provided  to  CERL  in 

Champaign,  Illinois. 

How  to  Use  the  Model 


Use  of  the  computer  model  is  strai ght f orwa rd .  It  requires 
input  from  the  evaluator  in  two  areas.  Initially,  activity  data 
as  well  as  treatment  efficiencies  must  be  provided  for  all  treat¬ 
ment  processes  to  be  considered.  After  the  first  phase  of  the 
program  is  complete,  the  evaluator  must  input  various  reuse  sys¬ 
tems  that  he  wishes  to  test.  The  computer  then  performs  the  cal¬ 
culations. 

All  required  information  for  data  entry  and  operating  of  the 
model  is  contained  in  the  "Users  Manual."  It  provides  forms  and 
samples  for  all  required  information. 

Obviously,  the  evaluator  must  have  access  to  a  computer  that 
can  accept  the  language,  and  that  has  sufficient  memory  storage 
capability.  The  program  is  written  in  American  Standard  Fortran 
IV,  and  was  originally  tested  on  a  CDC  6600  computer.  The  pro¬ 
gram  is  large  and  requires  approximately  260,000  bytes  of  compu¬ 
ter  core. 

Discussion  of  Tier  III  Model 


The 

purpose  of  this 

section  is  to 

explain  briefly: 

1. 

How  the  program 

works. 

2. 

What  quantitative  input  data 
sonnel . 

i  s 

requ i red 

from  base 

per- 

3. 

What  output  can 

be  anticipated. 

4. 

What  decisions 

will  have  to 

be 

made  by 

the  base 

e  n  g  i  - 

neer . 


Comprehensive  step-by-step  instructions  for  completing  all 
required  input  forms  and  data  are  supplied  in  the  "Users  Manual." 

The  reader  is  cautioned  that  he  should  not  expect  to  thor¬ 
oughly  understand  the  computer  program  by  a  first  reading  of  this 
section.  Several  thousand  man-hours  of  effort  were  expended  to 
develop  this  software,  and  the  average  engineer  will  have  to 
thoroughly  review  the  Users  Manual  before  undertaking  work  with 
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the  computer.  The  rewards  are  great,  however,  because  the  com¬ 
puter  can  analyze  many  potential  alternate  reuse  systems.  Thus, 
results  which  would  take  an  engineer  many  months  to  accomplish 
manually,  can  be  obtained  in  a  few  minutes  by  computer. 

Figure  1  shows  the  structure  diagram  for  the  entire  program. 
The  figure  delineates  the  interconnections  between  the  main  pro¬ 
gram  and  all  subroutines. 

The  software  is  divided  into  two  separate  phases.  Phase  I 
(Activity  Description)  assimilates  activity  data  supplied  by  the 
base  and  prints  out  several  forms  for  each  activity  showing  flow 
patterns,  effluent  quality  characteristics  after  various  levels 
of  treatment,  the  effects  of  recommended  pretreatment  units,  and 
cascade  potential.  Output  from  Phase  I  is  intended  to  assist  the 
engineer  in  selecting  feasible  activity  cascade  networks. 

Phase  II  (Network  Feasibility)  quickly  evaluates  any  number 
of  potential  networks  selected.  Output  provides  a  comprehensive 
network  description,  including  the  requirements  for  piping, 
pumping,  and  storage  facilities,  the  required  removal  efficien¬ 
cies,  the  type  of  treatment  chains,  and  the  estimated  total  cost 
of  the  entire  cascade  system.  Continued  modification  of  the  most 
cost-effective  cascade  networks  should  lead  to  selecting  the  most 
comprehensive,  cost-effective  reuse  system  for  the  base. 

The  following  sections  delineate  in  more  detail  the  required 
input  and  generated  output  data  for  both  phases  of  the  cascade 
reuse  model. 

Phase  I  -  Activity  Descri pti on-- 

Base  input--The  major  portion  of  the  input  to  the  first 
phase  oT  the  model  involves  gathering  and  presenting  in  proper 
format  all  necessary  information  on  base  activities. 

For  each  activity,  and  for  all  water  constituents  of 
interest;  the 

1.  Source  water  flow  into  the  activity  (hourly  if  avail¬ 
able). 

2.  Wastewater  flow  out  of  the  activity  (hourly  if  avail- 
abl e) . 

3.  Average  constituent  concentrations  for  the  source  water 
into  the  activity. 

4.  Average  constituent  concentrations  for  the  wastewater 
flowing  out  of  the  activity. 

5.  Maximum  acceptable  contaminate  concentrations  for  source 
water  into  the  activity. 


Additional  data  required  include: 

1.  Base  freshwater  source(s)  quality. 

2.  Required  final  discharge(s)  quality,  i.e.,  the  restric¬ 
tions,  if  any,  on  the  final  discharge  or  discharges  from 
the  base  to  a  surface  water,  municipal  system,  or  other 
final  receiver  of  the  waste  discharge. 

For  Army  posts  that  fluctuate  greatly  in  troop  level  and 
activity,  it  may  be  prudent  to  gather  individual  activity  data 
for  periods  of  both  high  and  low  mobilization  and/or  production. 
Then  the  model  can  be  used  to  assess  reuse  potential  under  both 
conditions. 

The  following  data  may  also  be  included  as  input  if  differ¬ 
ent  from  the  preprogrammed  data: 

1.  Removal  efficiencies  of  various  pollutant  constituents 

by  the  treatment  chains.  For  example,  the  engineer  may 
choose  to  show  a  90  percent  removal  of  BODc  by  secondary 
treatment. 

2.  Removal  efficiencies  of  various  pollutant  constituents 

by  pretreatment  units.  For  example,  the  engineer  may 
stipulate  chemical  coagulation  pretreatment  on  some  unit 
process  that  will  achieve  50  percent  BODc  removal,  70 
percent  SS  removal  ,  etc. 

3.  Threshold  concentrations  over  which  the  model  will 

assign  special  pretreatment  units  at  activities. 

Computer  model  output--0utput  from  the  Phase  I  program  fully 
describes  the  activities  and  possible  cascade  flows  from  activity 
to  activity  with  varying  degrees  of  intervening  treatment.  A 
thorough  discussion  of  this  output  is  presented  in  the  Users 

Manual . 

For  each  activity,  the  following  information  is  provided: 

1.  Cumulative  and  hourly  or  monthly  flows  including  graphs. 

2.  Constituents  In  and  out  and  degradation  through  use  as 
average  concentrations  in  mg/L  and  loadings  in  Ibs/day, 
and  tolerable  source  water  concentrations. 

3.  Wastewater  contaminant  concentrations  after  treatment  by 
each  regular  treatment  chain. 

4.  Wastewater  contaminant  concentrations  after  appropriate 
pretreatment  followed  by  each  regular  treatment  chain. 
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5.  A  summary  of  the  suitability  of  the  activity  wastewater 
for  reuse  in  other  activities  after  various  levels  of 
special  and  regular  treatment. 

At  the  end  of  Phase  I,  previous  data  is  summarized  in  one 
table  showing  acceptable  cascades  between  activities  at  various 
levels  of  treatment.  This  is  shown  in  Table  33,  where  X's  denote 
totally  acceptable  quality  for  the  cascade,  and  l's  and  2's  de¬ 
note  that  one  or  two  constituents,  respectively,  are  not  accept¬ 
able,  whereas  all  the  other  parameters  are  permissible. 

Phase  II  -  Network  Feasibility-- 

Base  input--Phase  II  input  involves  appropriate  cost  data 
and  representation  of  cascade  networks  to  be  analyzed. 

Cost  data  that  must  be  provided  includes  the  following: 

1.  Annual  rate  of  interest. 

2.  Engineering  News  Record  Construction  Cost  Index. 

3.  Engineering  News  Record  Labor  Cost  Index. 

4.  Estimated  life  of  the  system. 

5.  Costs  of  regular  or  special  treatment  units  or  chains. 

6.  Cost  per  1,000  gal  for  each  source  water  supply  and  each 
final  waste  discharge  to  disposal. 

With  the  aid  of  the  Phase  I  output,  the  engineer  should  be 
able  to  develop  several  feasible  cascade  networks.  These  net¬ 
works  must  be  presented  in  proper  format  along  with  all  estimated 
lengths  of  pipe  between  activities  and  treatment  facilities  which 
are  included  in  the  cascade  network. 

Figure  2  shows  a  typical  schematic  diagram  of  a  network  for 
March  AFB,  California. 

Model  out  put- -For  each  network  provided,  this  cascade  pro¬ 
gram  "sTniunarTzes  flows  and  concentrations  throughout  the  system, 
and  finally  lists  all  related  costs.  Again,  a  detailed  discus¬ 
sion  of  all  Phase  II  printout  is  presented  In  the  Users  Manual. 

At  each  BTS  (Blending-Treatment-Storage)  unit  In  a  network, 
the  program  summarizes  and  graphs:  flows  through  the  BTS,  stor¬ 
age  required,  and  makeup  or  discharge  needed.  In  addition, 
required  constituent  removals  are  listed  as  well  as  all  concen¬ 
trations  into  and  out  of  the  BTS. 
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Costs  for  each  network  are  then  summarized,  including: 

1.  Size,  length,  and  cost  of  all  pipes  in  the  network. 

2.  Cost  of  storage  and  pumping  for  each  BTS. 

3.  Costs  and  descriptions  of  special  treatment  at  activi¬ 
ties  and  regular  treatment  at  each  BTS. 

4.  Total  yearly  costs  for  the  cascade  system,  including 
freshwater  purchase  and  final  wastewater  discharge 
costs. 

(See  Tables  34  through  38  for  sample  printouts.) 


i 
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TABLE  35.  COST  OF  PUMPING  AND  STORAGE 


TABLE  36.  SPECIAL  TREATMENT  COSTS 


TABLE  37.  COST  OF  SOURCE  WATER 


TABLE  38.  COST  SUMMARY 
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SUBPOTABLE  REUSE  COMPUTER  MODEL 


SOFTWARE  MODIFICATIONS 

The  subpotable  reuse  computer  model,  developed  under  a  pre¬ 
vious  contract  with  the  Air  Force,  was  slightly  modified  to 
reflect  Army  water  management  options.  This  section  describes 
these  changes. 

The  major  modification  was  the  addition  of  a  duplicate  pro¬ 
gram  to  receive  monthly  flow  data.  The  original  program  receives 
hourly  flow  data  for  each  activity  and  simulates  a  typical  24- 
hour  day,  calculating  all  required  storage,  treatment,  pumping, 
etc.  This  approach,  however,  did  not  address  the  questions  of 
seasonal  usage  patterns,  such  as  storage  during  rainy  months  or 
heavy  irrigation  during  the  summer.  The  best  that  could  be  done 
was  to  simulate  a  summer  and  a  winter  day,  and  extrapolate. 

In  addition  to  this  daily  program,  an  alternate  program  can 
now  be  selected  that  accepts  monthly  flow  data  and  simulates  an 
entire  year  of  operation.  This  program  is  valuable  in  areas  with 
large  seasonal  fluctuations  due  to  climate  or  large  man-power 
variations.  This  program  provides  a  useful  yearly  water  reuse 
summary  showing  seasonal  storage  requirements  and  treatment,  as 
well  as  costs  for  the  entire  system.  It  may  also  be  easier  to 
use  this  alternate  program  at  posts  where  hourly  flow  data  is  not 
available,  but  where  monthly  water  use  estimates  are. 

The  modification  for  the  monthly  program  was  straightforward 
but  time-consuming.  It  consisted  of  changing  the  time  component, 
in  all  arrays  with  a  time  component,  from  24  to  12,  adjusting  all 
time-dependent  variables  to  reflect  monthly  rather  than  hourly 
flows,  and  changing  all  format  statements  to  show  months  rather 
than  hours. 

Another  modification  to  the  original  program  was  reduction 
of  array  size.  Experience  had  shown  that  some  of  the  arrays  were 
much  larger  than  required,  and  resulted  in  the  use  of  excess  core 
space  and  unnecessary  costs.  Two  changes  were  made:  the  total 
number  of  activities  that  can  be  used  in  any  single  reuse  system 
was  reduced  from  30  to  20,  and  the  minimum  number  of  contaminants 
involved  was  similarly  reduced  from  30  to  20.  This  allows  the 
program  to  run  at  lower  cost,  and  makes  it  possible  to  run  on 
smaller  machines. 

Other  changes  were  made  to  the  input  data  concerning  treat¬ 
ment  units,  performance,  and  cost.  Since  the  Army  operates  pre¬ 
dominantly  trickling  filter  secondary  plants,  this  system  was 
added  to  the  data  base  and  used  instead  of  activated  sludge  for 


our  test  runs.  Cost  and  performance  data  for  ion  exchange  and 
simple  clarification  pretreatment  were  also  added  to  provide  more 
options  for  interactivity  cascades. 

All  data  on  activities  for  our  test  runs  was  taken  directly 
from  our  Army  research  and  is  representative  of  actual  Army 
acti vities. 

TEST  RUN  AT  HYPOTHETICAL  BASE 
Introduct i on 


In  order  to  fully  display  the  capabilities  of  the  wastewater 
computer  program  (developed  previously  under  Air  Force  Contract 
F  29601-75-C-0019) ,  and  to  display  its  applicability  to  Army 
facilities,  test  runs  were  made  for  a  hypothetical  base  called 
Overlord  Army  Base. 

Test  runs  were  made  using  both  the  daily  simulation  model 
and  the  yearly  simulation  model.  The  results  highlighted  here 
are  for  the  yearly  simulation  run. 

Input  Data 


The  following  data  was  used  as  input  to  the  model  for  Over 
lord  Army  Base: 

Constituents 


B0D5,  COD,  Phenol,  SS,  TDS ,  O&G,  Cl,  N03,  NH« ,  P04,  Na,  CaC03, 
Boron,  Cyanide,  Fe. 

Acti vities 


No. 

Code 

Name 

1 

BOIL 

Boiler  Plant 

2 

PHOTO 

Photographic  Processing  Shop 

3 

PLATE 

Plating  Shop 

4 

TWR 

Tank  Wash  Rack 

5 

HOUSE 

Base  Housing 

6 

SCRUB 

Power  Plant  Scrubber 

7 

PAINT 

Paint  Shop 

8 

CLEAN 

Steam  Cleaning 

9 

DYNA 

Dynamometer 

10 

GOLF 

Golf  Course 

Regular 

Treatment 

Chains 

The  following  treatment  chains  were  supplied  as  data  to  the  pro¬ 
gram  for  use  at  Blending-Treatment-Storage  (BTS)  units. 
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Code 


Name 


Primary 

Secondary 

Fi 1 trati on 
Carbon  Ads 
Reverse  Osmosis 


Primary  Settling 

Trickling  Filter  (including  primary  and 
secondary  clarification,  and 
di si nfecti on) 

Secondary  with  tertiary  multimedia 
f i 1 trati on 

Secondary  with  tertiary  multimedia 
filtration  and  carbon  adsorption 

Secondary  with  tertiary  multimedia 
filtration,  carbon  adsorption,  and 
reverse  osmosis 


Special  Treatment  at  Activities 

The  following  treatment  units  were  supplied  as  input  to  the  pro¬ 
gram  for  use  as  pretreatment  at  activities  with  strong  wastes. 


Code 


Name 


METAL  REM 
OIL  &  GREASE 
SOFTENING 
CHEM  COAG 


Metal  Removal 

Oil  and  Grease  Removal 

Water  Softening 

Chemical  Coagulation  and  Solids  Separation 


This  and  other  data,  such  as  treatment  removal  efficiencies  and 
minimum  activity  wastewater  concentrations  that  require  special 
treatment,  are  shown  in  Tables  39  through  42  extracted  from  the 
PhasT  I  print  out  for  Overlord  Army  Base. 


Phase  I 


Phase  I  of  the  cascade  computer  program  has  been  utilized  to 
summarize  water  and  wastewater  volumes  and  characteristics  for 
all  the  significant  activities.  The  foil owi ng  tables  extracted 
from  the  Phase  I  output  Illustrate  this,  using  base  housing  as 
the  activity.  Table  43  shows  the  activity  water  demand  and 
wastewater  operation  throughout  the  year.  Note  the  increased 
water  demand  in  summer  for  lawn  watering.  The  graphs  display  the 
same  information.  Table  44  shows  a  water  quality  summary  for 
base  housing  in  mg/L  and  lbs/day  generation.  The  first  column 
"TOL"  shows  tolerable  limits  for  supply  water  for  base  housing. 
Table  45  shows  the  effect  of  treatment  on  *he  base  housing  waste- 
water;  and  Table  46  shows  the  suitability  of  the  base  housing 
waste  for  reuse  in  other  activities  after  various  levels  of 
treatment  (an  "X"  denotes  that  the  contaminant  is  acceptable  for 
reuse  in  the  designated  activity).  This  data  is  provided  for  all 
activities  in  the  Phase  I  output. 

This  phase  of  the  program  also  determines  potential  cascades 
between  activities  at  various  levels  of  intermediate  treatment. 
Table  47  displays  the  Phase  I  summary,  showing  which  activity 
effluents  can  be  reused,  and  which  can  be  reused  with  the 
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TR  LATHE  NT  REMOVAL  EFFICIENCIES 


MINI  HUK  SPECIAL  TRr  ATMENI  CONCENTRATION  irVELS 
IKG/U 


ACTIVITY  VASTCWATm  CONC  f  NT  A  A  T  IONS  AMCA  TACATKCNT 
IMG/Ll 


exception  of  one  or  two  problem  contaminants.  An  “X"  means  the 
cascade  is  totally  acceptable.  A  ’’l”  or  "2"  means  that  one  or 
two  contaminants  are  not  acceptable  for  the  cascade.  For  exam¬ 
ple,  locating  “HOUSE"  on  the  left  and  following  across  the  rows, 
shows  that  base  housing  effluent  is  acceptable  for  reuse  in  the 
air  pollution  scrubber,  the  paint  shop,  steam  cleaning,  and  golf 
course.  Filtration  adds  the  tank  wash  rack  as  an  acceptable  re¬ 
use,  and  so  on.  This  summary  is  extremely  helpful  in  laying  out 
cascade  networks  for  input  to  Phase  II  of  the  computer  program. 

Phase  II 


With  the  aid  of  Phase  I  output,  alternative  cascade  reuse 
networks  were  developed  for  Phase  II  of  the  reuse  program.  The 
figures  on  the  following  pages  display  three  wastewater  reuse 
networks  evaluated  for  Overlord  Army  Base. 

Network  No.  1 


Network  No.  1  shows  a  no-reuse  situation,  with  effluent  from 
the  STP  being  discharged  to  surface  water. 

Network  No.  2 


Network  No.  2  shows  reuse  for  golf  course  irrigation  only; 
all  other  activities  use  fresh  water  and  discharge  to  the  STP  as 
usual. 

Network  No.  3 


Network  No.  3  shows  a  complex  reuse  scheme.  Wastewater  from 
the  boiler  plant  is  reused  for  air  scrubbing;  plating  shop  efflu¬ 
ent  is  reused  in  the  paint  shop  water  wall  and  the  dynamometer; 
and  finally,  the  effluent  from  the  STP  is  reused  for  tank  washing 
and  irrigation  of  the  golf  course. 

Phase  II  provides  a  wealth  of  cost  information  for  each 
network : 


•  Piping 

•  Pumping 

•  Storage 

•  Regular  treatment 

t  Water  supply. 

These  costs  are  then  summarized  for  comparative  purposes  as 
shown  in  the  following  three  tables  that  give  the  costs  for  the 
three  networks  just  illustrated. 

As  shown.  Network  2  (reuse  for  golf  course  irrigation)  has 
the  lowest  annual  cost  at  $509,754.  This  represents  an  annual 
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I 


savings  of  about  $25, 000/year  over  the  no-reuse  situation  in  Net¬ 
work  1.  Network  3  costs  are  much  higher  due  to  more  stringent 
treatment  requirements  necessitating  activated  carbon  adsorption. 


The  beauty  of  the  computer  model  is  that  many  different  net¬ 
works  with  slight  variation  can  be  evaluated  very  quickly. 
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APPENDICES 


APPENDIX  A 

WATER  REUSE  EVALUATION  MODEL 

TIER  I 
TIER  II 
TIER  III 


ARMY  WASTEWATER  REUSE  POTENTIAL  EVALUATION  MODEL 

TIER  I 


I 

\  * 


General 


Base  Name: 

Location: 

Date: 


Name  and  Organization  of  Evaluator: 
Key  Contacts  at  Base: 

Name  Phone 


Autovon 


Instructions: 

Answer  each  question  as  accurately  as  possible,  using  engineering  estimates 
if  actual  data  is  not  available.  Circle  the  correct  answer,  total  the 
points,  and  check  your  total  score  against  the  reuse  potential  ranges  at 
the  end. 

Note  the  column  for  "Key  Question."  If  that  column  has  an  asterisk,  then 
that  question  is  particularly  important.  If  answered  positively,  the  post 
may  have  good  potential  for  reuse  even  if  its  total  score  does  not  indicate 
such. _  _ 


Category 

Po" 

nts  Key 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Question 

I.  WATER  SUPPLY 

T.  Is  the  base  water-supply 
available  from  a  reliable 
source  for  the  next  20 
years? 

2.  Is  there  possible  signi¬ 
ficant  depletion  of  the 
water  supply  within  the 
next  10  years? 

YES 

NO 

• 

NO 

YES 

I.  (continued) 


Is  there  an  anticipated 
problem  with  the  water 
supply  within  5  years?  NO 

What  is  the  present 
cost  of  water  procure¬ 
ment  and  treatment  per 
1 ,000  gallons?  $ 

<0.10 


Is  there  a  foreseeable 
event  that  could  mark¬ 
edly  increase  water 
costs  in  the  next  10 
years? 

Is  expansion  or  upgrad¬ 
ing  of  the  water  supply/ 
treatment  system  planned 
in  the  next  10  years? 

What  volume  of  water  is 
used  on  the  average  in 
MGD? 


What  is  the  TDS  (mg/t) 
the  base  water  supply? 


>800  50 
8 


Poi nts 


Comments: 


Subtotal  Points 


WATER  SUPPLY: 


Points 


Does  the  treatment  plant 
presently  meet  discharge 
requirements?  /ES 


t 


Points 


II.  (continued) 

11.  Will  additional  treatment 

facilities  be  required 
within  the  next  5  years?  NO 

12.  What  quality  is  the 

plant  effluent  in  terms 
of  BOD  (mg/*)?  >30 

13.  What  percentage  of  design 

capacity  is  in  use?  <50  50-]  75 

75  10 

Answer  questions  14-16  for  Base  IWTP  only 

14.  Does  the  treatment  plant 

presently  meet  discharge 
requirements?  YES 

15.  What  quality  is  the  plant 

effluent  in  terms  of  COD 
(mg/*)?  >200 


16.  Are  discharge  limits  set 

for  specific  contaminants 
(i.e.,  heavy  metals,  CN, 
nutrients)?  NO 

17.  What  total  quantity  of 
wastewater  (treated  and 
untreated)  is  discharged 

from  the  base  in  M60?  >.5  .5- 

l.( 

18.  If  the  base  discharges 

to  a  municipal  or  regiona" 
sewer  system,  what  is  the 
discharge  fee  per  MG?  $  $ 

<100  10 
20 

19.  Are  future  changes  likely 

that  would  markedly  increase 
the  discharge  fee?  I  NO 


Points 

Key 

Category 

U 

1 

2 

3^ 

4^ 

& 

Question 

III.  ACTIVITIES 

20. 

Does  the  base  have  a 
golf  course? 

NO 

YES 

21. 

Is  the  golf  course 
irrigated? 

NO 

YES 

22. 

How  many  acres  of  land¬ 
scape  and  athletic  fields 
could  be  irrigated  if 

reclaimed  water  were 
available? 

0 

0- 

20- 

40- 

>80 

20 

40 

80 

23. 

How  many  large  industrial 
cooling  towers  does  the 
base  have?  (1) 

0 

1- 

5- 

>15 

5 

15 

24. 

If  the  base  has  a  plating 
shop,  how  much  wastewater 
does  it  discharge  in  1,000 
gal /day?  (1) 

<10 

10- 

50- 

>100 

50 

100 

25. 

Does  the  base  have  air 
pollution  wet  scrubbers? 

NO 

YES 

26. 

Does  the  base  have  a  vehi¬ 
cle  wash  rack(s)?  (1) 

NO 

YES 

I 

1 

i 

: 

■ 

27. 

Does  the  base  have  a  paint 
shop  with  a  water  wall?  (1) 

NO 

YES 

1 

1 

i 

f 

1 

28. 

Does  the  base  perform  wet 
sand-blasting? 

NO 

YES 

1 

1 

1 

29. 

Does  the  base  have  an 
industrial  laundry?  (1) 

NO 

YES 

s 

1 

30. 

Does  the  base  have  a  photo 
lab? 

NO 

YES 

1 

8 

I 

8 

31. 

Does  the  base  contain  any 
type  of  artificially  fillet 
recreational  lakes? 

1 

YES 

1 

1 

1 

1 

1 

Points 

mm 

Category 

mm 

U 

Efl 

mm 

u 

u 

B 

mm 

El 

El 

III.  (continued) 

1 

■ 

■ 

■ 

■ 

■ 

32. 

Does  the  base  have  steam 
cleaning  facilities? 

NO 

YES 

1 

I 

I 

1 

33. 

Does  the  base  generate 
its  own  electrical 
power? 

NO 

YES 

I 

1 

1 

1 

I 

I 

1 

34. 

Does  the  base  have  a  cen¬ 
tral  energy  facility  for 
generation  of  steam  for 
heating  and  cooling? 

NO 

YES 

i 

i 

1 

1 

| 

35. 

Does  the  base  have  a 
large  pesticide  manage¬ 
ment  program? 

NO 

YES 

36. 

Does  the  base  have  any 
other  activities  using 
more  than  25,000  gpd 
that  we  have  not 
included?  (Point 
assessment  is  left  to 
evaluator. ) 

_ 

(1)  If  the  base  has  this  activity,  please  refer  to  the  activity  descriptions  in 
the  main  report.  This  activity  has  been  highlighted  as  having  potential  for 
internal  recycle  as  either  a  water  conservation  or  pollution  control  measure. 
Details  of  treatment/recycle  schemes  are  provided  in  the  main  report. 

Comments:  Subtotal  Points 

ACTIVITIES: _ 


Cateqory 

Poi 

nts 

HSS 

0 

u 

mm 

mm 

u 

B 

U 

mm 

El 

mm 

IV.  INSTITUTIONAL  ASPECTS 

37.  Is  the  base  free  of  any 
long-term  water  purchase 
agreements  that  would 
prohibit  the  base  from 
cutting  back  on  water 
usage? 

NO 

YES 

_ 
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INSTITUTIONAL: 


Category 


Points 


orn  I  M3  I  4  lb  |  6  |  7  I  8T9 


Key 

Questi 


(continued) 


44. 


What  is  tne  average 
yearly  pan  evapora¬ 
tion  on  the  base  in 
inches/year? 


20- 

30 


30- 

40 


40- 

60 


60 

80 


>80 


Comments: 


Subtotal  Points 


CLIMATE: _ 

TOTAL  POINTS: 


SCORE  INTERPRETATION 


The  final  point  total  reflects  the  following  wastewater  reuse 
potential  for  the  base: 

1.  _ 0  to  54  points:  The  base  has  little  or  no 

potential  for  reusing  wastewater  on  a  system-wide  scale, 
and  no  further  reuse  evaluation  is  necessary  at  this 
point. 

2.  55  to  74  points:  The  base  has  marginal  po- 

tent i a  1  for  reuse  on  a  system-wide  scale.  The  decision 
as  to  whether  Tier  II  should  be  applied  will  depend  on 
1)  whether  the  score  was  high  or  low  in  the  category; 
and  2)  the  judgement  of  the  evaluator.  Although  they 

don't  score  highly  overall,  some  bases  may  have  a  com¬ 
pelling  reason  for  pursuing  reuse  to  Tier  II,  i.e.,  one 
or  more  "Key  Questions"  may  have  been  answered  posi¬ 

tively.  For  example,  a  base  with  a  critical  water  sup¬ 
ply  crisis  may  opt  for  a  deeper  look  at  reuse  even 

though  its  score  in  other  categories  was  not  excep¬ 
tional. 

3.  75  to  100  points:  The  base  has  good  reuse 
potenti al  on  a  system-wide  basis.  Proceed  to  Tier  II  of 
the  reuse  evaluation  process. 

4.  >100  points:  The  base  has  excellent  reuse  potential 

on  a  system-wide  basis.  Proceed  to  Tier  II  and  note 

good  possibility  for  Tier  III  application. 
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ARMY 

WASTEWATER  REUSE  POTENTIAL 
EVALUATION  MODEL 

TIER  II 

GENERAL 

•  Base  Name: _ 

•  Location:  _ _ 

•  Date:  _ 

•  Name  of  Evaluator: _ 

•  Key  Contacts  at  Base: _ 

Name  Phone  Autovon 


t  Instructions 

Follow  through  the  four  sections  of  the  Tier  II  evalua¬ 
tion.  Provide  required  data  and  make  engineering  deci¬ 
sions  as  accurately  as  possible.  Where  necessary  for 
clarity,  background  data  and  examples  have  been  pro¬ 
vided.  Be  aware  that  considerable  engineering  judgement 
is  required,  especially  on  Section  3. 

Note  the  importance  of  talking  to  the  post  planning 
section  on  future  developments  scheduled  for  the  base: 
old  activities  may  be  phased  out,  new  ones  brought  on¬ 
line,  changes  in  mission  may  be  planned.  Any  of  these 
can  drastically  change  water  use/generation  patterns. 

SECTION  1  -  ACTIVITIES 

This  section  of  the  Tier  II  evaluation  provides  background 
information  on  activities,  and  contains  forms  for  collecting  spe¬ 
cific  base  data.  Background  information  on  activities  can  also 
be  found  in  the  Activities  Section  of  this  report.  The  Activi¬ 
ties  Section  describes  Army  activities  which  are  significant 
water  users  and/or  wastewater  generators.  Typical  flow  rates  and 
effluent  quality  data,  and  the  general  water  quality  required  for 
supply  water  to  various  activities,  are  given.  The  numbers  pro- 


vided  are  typical  values  based  on  combined  data.  The  values  for 
any  specific  base  may  vary;  it  is  best  to  obtain  actual  field 
data  rather  than  to  rely  on  average  numbers  from  the  report. 

Activity  Summary 

Table  A-l  shows  a  comprehensive  list  of  typical  water-  and 
wastewater-related  activities  on  Army  posts.  The  activities  are 
not  of  equal  importance  in  terms  of  flow  volume  and  reuse  poten¬ 
tial,  but  all  are  included  for  completeness. 

Most  Important  Army  Post  Potential  Sources  of  Reclaimed  Water 

Those  activities  best  suited  for  inclusion  in  a  Tier  II 
reuse  scheme  as  potential  sources  of  reclaimed  water  are  listed 
in  Table  A-2.  The  characteristics  of  good  potential  wastewater 
source  are: 

•  High  volume:  The  wastewater  volume  should  be  high  enough 
for  reuse  to  be  economical  due  to  freshwater  savings  and/ 
or  wastewater  discharge  reduction. 

t  Reliable  flow:  The  wastewater  flow  should  be  predictable 
so  that  storage  needs  can  be  determined  and  a  reliable 
supply  provided  to  the  user  activities. 

•  Low  contamination:  The  wastewater  should  not  be  so 

highly  contaminated  that  prohi bi t i vely  expensive  treat¬ 
ment  would  be  needed  before  reuse. 

Some  industrial  wastewaters,  e.g.,  steam  cleaning  and  metal 
cleaning  wastes,  require  extensive  waste  treatment  before  reuse 
to  remove  or  neutralize  such  diverse  contaminants  as  oils, 
grease,  cyanides,  phenols,  heavy  metals,  phosphates,  acids,  and 
caustics,  and  therefore  have  very  low  reuse  potential.  However, 
other  industrial  effluents,  e.g.,  some  plating  shop  rinse  waters 
and  cooling  system  blowdowns,  meet  the  above  criteria  and  are 
good  candidates  for  reuse. 

Sanitary  and  domestic-type  wastewaters  from  housing,  com¬ 
munity,  protective,  administrative/institutional,  and  commercial 
activities  also  have  excellent  reuse  potential.  At  most  Army 
posts,  these  wastewaters  are  collected  by  the  sanitary  sewer  sys¬ 
tem  into  a  single  sewage  flow  which  can  often  be  reused  after 
secondary  or  tertiary  treatment  in  a  sewage  treatment  plant.  A 
wel  l -operati ng  post  sewage  treatment  plant  Improves  the  economics 
of  reuse  considerably.  Industrial  waste  treatment  plant  efflu¬ 
ents  can  also  be  reused  if  the  treatment  is  complete  and  effec¬ 
tive.  IWTP  effluent  is  advantageous  because  both  bacterial  and 
viral  contamination  can  be  very  low.  However,  before  reuse,  oils 
and  dissolved  metals  and  salts  must  often  be  removed  from  these 
waters. 


TABLE  A -2.  ARMY  ACTIVITIES  WITH  GREATEST  POTENTIAL 
AS  SOURCES  OF  RECLAIMED  WATER 


wastewater  source 


Most  Important  Army  Post  Potential  Users  of  Reclaimed  Mater 


Table  A-3  lists  those  activities  best  suited  for  inclusion 
in  a  Tier  II  reuse  scheme  as  potential  users  of  reclaimed  water. 
Characteristics  of  a  good  potential  user  of  reclaimed  water  are: 

•  Low  quality  demands:  The  best  users  of  reclaimed  water 
are  those  that  can  utilize  good  secondary  effluent  be¬ 
cause  it  is  usually  available  and  not  expensive  to 
produce.  Activities  that  can  make  use  of  filtered  secon¬ 
dary  effluent  also  have  good  potential,  because  most 
secondary  plants  can  be  readily  upgraded  with  filtration, 
although  this  is  more  expensive.  Activities  that  require 
very  high  water  quality,  e.g.,  boilers,  are  generally 
poor  users  because  the  technology  to  purify  wastewater  is 
too  expensive  in  most  cases.  Although  we  are  considering 
only  nonpotable  reuse,  bacteria  and  viruses  in  the  re¬ 
claimed  water  can  be  a  hazard  in  those  activities  that 
involve  human  contact  with  water  sprays  and  aerosols. 
Such  activities  include  wash  and  steam  racks,  paint  water 
walls,  and,  to  a  lesser  extent,  spray  irrigation  of  golf 
courses  and  landscape.  Reclaimed  water  for  these  activi¬ 
ties  must  meet  required  bacterial  and  viral  levels. 

•  High  volume:  Good  potential  users  are  those  that  use 

significant  amounts  of  water  on  a  regular  basis.  Acti¬ 
vities  such  as  irrigation  can  use  tremendous  volumes  of 
reclaimed  water,  but  frequently  require  large  storage 
basins  to  hold  the  water  during  high  precipitation  peri¬ 
ods,  e.g.,  the  winter  months  in  California.  Activities 
that  use  a  great  deal  of  water  continuously,  such  as 
industrial  cooling  towers,  are  optimal. 

Most  Important  Army  Post  Activities  with  Potential  for 
Internal  Recycling 

Those  activities  that  are  best  suited  for  internal  recycling 
are  listed  in  Table  A-4.  Preferred  attributes  for  internal  re¬ 
cycling  include: 

•  Good  effluent  quality  and/or  low  water  quality  require¬ 
ments:  Activities  with  a  fairly  clean  discharge,  or  one 

that  is  simply  treated ,  have  good  potential  for  internal 
recycl i ng. 

•  High  volume:  Activities  using  large  volumes  of  water 

offer  economies  of  scale  for  pretreatment  systems.  Small 
water  savings  gained  by  internal  treatment  and  recycling 
are  rarely  economically  feasible. 

Tier  II  Activity  Information  Form 

A  data  sheet  (Exhibit  A)  should  be  filled  out  for  each  im¬ 
portant  activity  on  the  base.  Water  usage  and  wastewater  genera- 
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TABLE  A-3.  ARMY  ACTIVITIES  WITH  GREATEST  POTENTIAL 
AS  USERS  OF  RECLAIMED  WATER 
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EXHIBIT  A 

ACTIVITY  INFORMATION  FORM 


Recorder _ 

1 .  ACTIVITY  NAME 

2.  LOCAT I  ON ( S ) 


3.  KEY  PERSON ( S ) 


4.  MAILING  ADDRESS 


5.  DESCRIPTION  OF  ACTIVITY 


Date _ 

BLDG.  NO. 


TELEPHONE 


6.  WATER  USAGE 

•  Average  daily  usage _ (gpd) 

•  Per  unit  usage  (e.g.,  gal/vehicle  washed) _ 

•  Seasonal  usage  pattern  (due  to  climate  or  manpower  flux) 


•  How  was  data  obtained? 


7.  WASTEWATER  GENERATION 

•  Average  daily  generation _ (gpd) 

•  Per  unit  generation _ 
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tion  data  can  be  obtained  from  existing  records  by  observation 
and  simple  measurements,  or  by  estimating  flow  volumes.  Data 
contained  in  the  Activities  Section  of  this  report  are  typical 
values,  and  the  data  for  a  particular  base  may  vary. 

SECTION  2  -  SPATIAL  RELATIONSHIPS 

The  purpose  of  this  section  is  to  guide  the  Tier  II  evalua¬ 
tor  in  assessing  the  spatial  relationships  of  the  important 
source  and  user  activities  identified  in  Section  I.  Spatial 
relationships  are  important  in  any  reuse  network  because  piping 
and  pumping  are  usually  expensive  components  of  the  system. 

Step  1 


Obtain  a  large  (typical  scale:  1  in  =  500  ft)  base  map  that 
shows  all  buildings,  roads,  grounds,  etc. 

Step  2 

Circle  in  red  all  important  potential  source,  user,  and 
internal  recycl ing  activities  identified  in  Section  1 ,  and,  most 
important,  locate  all  treatment  facilities,  irrigated  areas,  and 
large  industrial  activities. 

Step  3 

Look  for  isolated,  small  flow  volume  activities  in  locations 
remote  from  the  main  area  of  activity.  It  may  not  be  economical¬ 
ly  feasible  to  build  a  separate  pipeline  to  carry  a  small  volume 
of  reclaimed  water  over  long  distances. 

Table  A-5  will  aid  in  determining  whether  it  is  economically 
feasible  to  provide  a  pipeline  for  carrying  a  given  reclaimed 
water  flow  over  a  given  distance. 


TABLE  A-5.  PIPELINE  COSTS  FOR  ACTIVITIES  USING 

RECLAIMED  WATER 


Maximum  Pipeline  Distance 

Activity  Flow  Hours  of  Operation  Economically  Affordable 
(gpd)  (hrs/day )  (ft) 


10,000 

8 

(24) 

1,780 

(3,650) 

25,000 

8 

(24) 

3,250 

(6,080) 

50,000 

8 

(24) 

(24) 

4,330 

(9,120) 

100,000 

8 

6,500 

(24,600) 

500,000 

8 

(24) 

13,000 

(30,420) 

El iml nate 

from  consideration 

isolated,  small 

-volume  activi 

ties  that  are 

clearly 

not  good 

candidates  for 

inclusion  in 
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reuse  system  on  the  basis  of  pipeline  costs.  Do  not  eliminate 
activities  which  are  candidates  for  internal  recycling;  long 
pipelines  are  not  necessary  for  internal  recycling  systems. 

Step  4 

Note  areas  of  major  potential  reuse  activity  and  areas  that 
will  be  difficult  to  reach  with  reclaimed  water  lines,  e.g., 
those  cut  off  from  the  main  base  by  runways  or  highways.  Start 
to  get  a  feel  for  the  type  of  reuse  that  will  be  most  feasible. 
Is  the  post  essentially  troop-oriented,  with  reuse  of  secondary 
effluent  for  irrigation  the  main  possibility,  or  is  it  a  heavily 
industrialized  depot  with  possible  reclaimed  water  cascades  from 
one  activity  to  another? 

SECTION  3  -  CONCEPTUAL  REUSE  SYSTEMS 

This  is  the  most  important  section  of  Tier  II  and  requires 
the  highest  level  of  engineering  judgement  to  complete.  Its 
purpose  is  to  assist  the  evaluator  in  selecting  conceptual  reuse 
schemes  for  an  Army  post. 

Here,  all  the  data  gathered  on  activities  and  spatial  rela¬ 
tionships  are  used  to  develop  feasible  reuse  networks  or  systems. 
These  networks  are  essentially  schematic  diagrams  showing  the 
distribution  of  fresh  and  reclaimed  water  throughout  the  base,  as 
well  as  the  collection,  treatment,  reuse,  and  disposal  of  waste- 
waters.  (Typical  networks  are  shown  on  the  following  pages.) 
The  first.  Figure  A-l,  depicts  a  common  reuse  situation  where  STP 
effluent  is  used  on  the  golf  course.  The  second.  Figure  A-2, 
shows  a  more  complex  reuse  scheme,  including  multiple  STP  efflu¬ 
ent  uses,  plating  wastewater  reuse,  and  internal  reuse  at  the 
tank  wash  rack. 

Basic  Types  of  Reuse 

Several  basic  types  of  water  reuse  are  practicable  for  Army 
posts,  depending  on  the  presence  of  treatment  facilities,  major 
industrial  or  irrigation  activities,  and  other  factors.  Concep¬ 
tual  diagrams  are  presented  in  Figure  A-3. 

The  various  types  of  reuse  are  as  follows: 

•  Treated  effluent  reuse:  The  direct  reuse  of  secondary  or 
tertiary  effluent  from  an  STP  or  IWTP  by  an  activity, 
e.g.,  irrigation  and  cooling  towers.  Figure  A-4  presents 
a  list  of  other  activities  that  can  use  effluent. 

•  Direct  cascade  reuse:  The  direct  reuse,  without  treat¬ 
ment,  of  the  discharge  from  one  activity  as  the  water 
supply  for  another  activity.  The  donor  activity  usually 
has  a  fairly  clean  discharge  and  the  user  activity  can 
tolerate  low  quality  water.  Feasible  pairings  are  shown 
in  Figure  A-5. 
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Figure  A-l.  Sample  reuse  network  diag 


146 


se  network  diagram. 


effluent  reuse 


ACTIVITIES 


Figure  A-4.  Reuse  of  reclaimed  sewage  treatment  plant  effluent. 


ASH  HANDLING 
SYSTEM  WATER 


gure  A-5.  Direct  cascade  reuse  of  reclaimed  water 


•  Cascade  reuse  with  pretreatment:  The  same  as  direct  cas¬ 
cade  reuse  with  an  intervening  treatment  step  to  bring 
the  donor's  wastewater  up  to  the  recipient's  quality  re- 
qui rements.  These  pairings  are  generally  feasi bl e  only 
where  a  simple  treatment  can  do  the  job  (Figure  A-6). 

•  Internal  recycling:  The  reuse  of  wastewater  as  new 

source  water  for  the  same  activity.  For  instance,  recir¬ 
culating  water  is  used  to  wash  paint  shop  water  walls  and 
in  air  pollution  scrubbers.  The  water  can  be  continually 
bled  off  and  made  up,  or  periodically  dumped  and  re¬ 
filled.  Other  activities  can  be  altered  to  internal 
recycling  systems  by  treating  the  wastewater  and  mixing 
it  in  with  a  freshwater  supply.  Candidate  activities  are 
shown  in  Figure  A-7. 

Some  posts  may  be  able  to  incorporate  more  than  one  of  the 
basic  conceptual  reuse  systems  in  a  total  reuse  scheme. 

Step  1 

At  this  point,  the  evaluator  must  compare  actual  post  acti¬ 
vities  and  existing  treatment  facilities,  plan  possible  reuse 
modes,  and  develop  feasible  reuse  schemes. 

The  most  efficient  way  to  lay  out  these  networks  is  to  first 
look  at  large  sources  and  users,  and  then  to  develop  a  basic  sys¬ 
tem.  Smaller  users,  such  as  isolated  cooling  towers  and  small 
industrial  operations,  can  be  integrated  where  it  appears  cost- 
effective. 

Step  2 

The  treatment  processes  required  for  each  of  the  selected 
reuse  systems  can  be  selected  by  referring  to  Figures  A-4  through 
A-7.  Secondary  treatment  is  conventional  primary  and  secondary 
treatment  (and  disinfection)  in  a  sewage  treatment  plant;  terti¬ 
ary  treatment  is  chemical  coagulation  and  filtration  in  addition 
to  primary  and  secondary  treatment. 


Step  4 

At  this  point,  a  general  water  balance  for  each  network 
should  be  developed  to  aid  in  calculating  required  storage  capac¬ 
ities  and  in  ensuring  that  water  supply  requirements  are  met. 

A  water  balance  form  (Table  A-6)  must  be  filled  out;  a  sam¬ 
ple  completed  form  is  shown  in  Table  A-7.  It  is  important  to 
obtain  data  for  maximum  and  minimum  days  or  months.  Such  varia¬ 
tions  may  be  due  to  seasonal  effects  (e.g.,  irrigation)  or 
changes  in  staffing  levels  (training,  maneuvers,  etc.).  Storage 
requirements  will  depend  on  the  differences  between  source  and 
user  activities  during  both  minimum  and  maximum  flow.  This 
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TABLE  A-7 .  REUSE  SYSTEM  SAMPLE  WATER  BALANCE 


Conceptual 

Reuse 

Wastewater  Sources 

Reclaimed  Water  Users 

! 

Source 

Flow  (gpd) 

or  (gal/mo) 

Treatment 

User 

Flow  (qod) 

or  (qal/mo) 

! 

System  No. 

Activity 

Max. 

STnT 

Required 

Activities 

Max. 

Min . 

| 

1. 

Sewage 

1,000,000 

750,000 

Secondary 

Cooling 

200,000 

150,000 

treatment 

treatment 

towers 

plant 

plus  sand 

effl uent 

filtration 

Wash  racks 

30,000 

10,000 

Steam 

cleaning 

10,000 

5,000 

Dynamo¬ 

30,000 

20,000 

meters 

Golf  2 
course  and 
other  area 
Irrigation 

,000,000 

0 

2. 

Meta? 

50,000 

50,000 

Sand 

Metal 

52,000 

52,000 

plating 

filtration 

plating 

i 

rinses 

plus  Ion, 
exchange 

rinses 

Plating 

shop 

fume 

scrubbers 

5,000 

5,000 

* 

Plating 

solution 

1,000 

1,000 

makeup 

water 

tabular  summary  can  then  be  transferred  to  the  reuse  network 
diagrams  as  demonstrated  in  Figure  A-8. 


The  examples  show  daily  generation,  use,  and  storage.  To 
calculate  storage  requirements  for  a  full-scale  system,  the  daily 
storage  volume  must  be  multiplied  by  the  number  of  days  at  that 
condition.  For  example,  in  the  first  network  in  Figure  A-8,  the 
condition  of  no  irrigation  and  low  water  use  in  other  activities 
lasts  3  months.  The  required  storage  would  be  270,000  gpd  x  90 
days  =  24,300,000  gallons  total  for  a  zero  discharge  system. 
Another  option  would  be  to  discharge  a  portion  of  the  effluent, 
and  to  reduce  storage  costs  if  this  were  economical. 

Where  seasonal  variations  are  large,  it  is  often  valuable  to 
develop  water  balances  on  a  monthly  rather  than  daily  basis.  The 
concept  is  the  same  with  total  maximum  and  minimum  monthly  flow 
data  being  used  instead  of  daily  data. 

SECTION  4  -  REUSE  ECONOMICS 

This  section  is  the  key  to  the  Tier  II  evaluation  model. 
The  overall  cost  of  alternative  reuse  schemes  for  a  particular 
post  can  be  estimated  using  the  information  gathered  in  Sections 
1  through  3. 

These  reuse  system  costs  will  also  be  compared  to:  1)  the 
costs  of  the  zero  reuse  situation  (usually  the  existing  condi¬ 
tion);  and  2)  the  costs  of  anticipated  near-future  situations, 
such  as  new  water  supply  costs,  new  treatment  facilities,  and 
regional  sewer  system  hook-up.  In  this  way  the  economic  validity 
of  reuse  can  be  estimated,  and  a  decision  can  be  made  as  to  whe¬ 
ther  to  proceed  to  Tier  III. 

The  important  capital,  operation,  and  maintenance  costs  that 
will  be  computed  are: 

•  Existing  water  supply  cost 

•  Existing  wastewater  treatment  and/or  disposal  cost 

•  Cost  for  new  reclaimed  water  pipelines 

t  Cost  for  reclaimed  water  storage 

•  Cost  for  reclaimed  water  pumping 

•  Cost  for  new  treatment  facilities  for  reclaimed  water. 


Step  1 

Costs  for  the  existing  system,  which  will  usually  have  no 
reuse,  must  be  calculated.  Including  operation  and  maintenance 
costs  for  the  water  supply,  and  wastewater  treatment  and  dis¬ 
charge. 

In  addition  to  existing  costs,  it  is  well  to  include  anti¬ 
cipated  future  costs  if  major  changes  are  planned,  e.g., 
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MAKEUP 


•  Development  of  a  new  or  expanded  water  supply  (wells  or 
off-base  purchase). 

•  Construction  of  new  or  expanded  wastewater  treatment 
facil ities. 

•  Connection  to  a  regional  sewer  system. 

The  existing  costs  for  water  and  wastewater  can  be  calcu¬ 
lated  using  the  following  equations.  If  the  total  cost  of 
anticipated  projects  is  known,  it  can  simply  be  compared  to  the 
reuse  system  costs  summarized  at  the  end  of  this  section. 

1.  Existing  water  supply  cost: 

-  If  water  is  purchased  from  off-base,  what  is  the  cost? 

Cost  ($/yr)  =  ( _ 4/kg)  x  ( _ kgy)  x  (.01) 

where  kg  =  1,000  gal 

kgy  =  1,000  gpy 

-  If  water  is  procured  on-base  from  wells  or  surface 

water,  what  is  the  cost  of  the  water?  (This  value 
should  represent  0&M  only,  not  capital  amortization.) 
Cost  ( $/yr)  =  ( _ ^/kg)  x  ( _ kgy)  x  (.01) 

2.  Existing  wastewater  treatment/discharge  cost: 

-  If  wastewater  is  charged  to  a  regional,  county,  or 
municipal  sewer,  what  is  the  total  discharge  fee? 

Cost  ( $/yr)  =  ( _ 4/kg)  x  ( _ kgy)  x  (.01) 

-  If  the  base  presently  operates  an  STP  and/or  an  IWTP, 

what  Is  the  current  cost  for  treatment  and  disposal? 
Cost  ($/yr )  =  ( _ ^/kg )  x  ( _ kgy)  x  (.01) 

3.  Planned  construction: 

-  If  the  base  is  planning  to  construct  new  water  or 
wastewater  facilities,  or  connect  to  a  regional  sewer 
system,  what  is  the  estimated  annual  cost  in  $/yr  (0&M 
and  capital  amortization)  of  these  additions? 

Step  2 

To  compute  the  costs  for  each  reclaimed  water  network  devel¬ 
oped  In  Section  3,  the  following  cost  analysis  must  be  performed 
for  each  system: 
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1. 


Modified  water  supply  cost-- 

Recalculate  the  annual  water  supply  cost  (developed 
above)  due  to  any  reduction  in  water  demand  via  reuse. 

2.  Modified  wastewater  treatment/discharge  cost-- 
Recalculate  the  annual  wastewater  treatment/discharge 
cost  based  on  flow  and  fee  reductions  due  to  reuse.  If 
the  base  provides  treatment,  calculate  the  new  annual 
treatment  cost  based  on  flow  reductions  due  to  reuse. 

3.  Reclaimed  water  pipelines  costs-- 

Using  the  base  map  for  reference,  mark  off  the  distances 
of  the  new  reclaimed  waterlines  for  each  conceptual 
reuse  activity  network.  Do  not  irclude  existing 
pi  pel i nes. 

3a.  Using  the  activity  flow  data  as  well  as  engineering 
judgment,  estimate  a  pipe  diameter  for  each  new 
reclaimed  waterline.  The  following  equation  can  be  used 
to  calculate  minimum  diameter  when  given  flow  in  gph  and 
maximum  velocity  (ft/sec)  in  the  pipe: 

Dia  (in)  =  (gph  x  144  x  4/velocity  x  rr  x  7.48  x  3,600)V2 
Note:  5  ft/sec  is  a  typical  flow  velocity 


3b.  Calculate  the  capital  cost  for  each  pipeline  by 
substituting  into  the  following  formula: 

Capital  cost  ($)  =  (2.0)  (Dia)  (L) 

where  dia  =  diameter  in  inches 

L  =  length  in  feet 

3c.  Note  that  these  costs  reflect  conventional  trenching  and 
pipe  placement.  These  costs  will  have  to  be  increased 
appropriately  for  trenching  under  heavy  pavement.  These 
costs,  however,  do  include  contingencies  and  some 
internal  plumbing  and  connections.  Add  all  individual 
pipe  costs  together  for  the  entire  reuse  network. 

4.  Reclaimed  water  storage  costs-- 

4a.  From  the  resue  network  water  balance,  calculate  the 
maximum  storage  volume  required  for  each  location  in  the 
system.  Then,  apply  a  safety  factor  to  provide  addi¬ 
tional  storage  according  to  the  following  equation: 

AS  =  50.0  x  (MSV ) 0 • 7 

where  AS  =  additional  storage  in  gal 

(MVS)  *  maximum  storage  volume  in  gal 

4b.  Add  this  safety  storage  to  the  actual  volume  required  to 
get  the  total  design  volume. 
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4c.  Calculate  capital  cost  for  storage: 

Capital  cost  ($)  =  22.95  (vol)®*® 
where  vol  =  total  design  volume  in  gal 

4d .  Add  the  annual  costs  for  each  storage  tank  to  get  the 
total  annual  storage  cost. 

5.  Reclaimed  water  pumping  costs-- 

For  simplification,  assume  that  one  pump  station  will  be 
used  to  pressurize  the  entire  reclaimed  water  network 
whether  it  is  simple  or  complex.  Calculate  the  maximum 
total  hourly  flow  through  the  system  and  substitute  that 
value  in  the  equations  below: 

Capital  Cost  ($)  =  (204.43)  (Q0*48)  §^3 

Annual  0&M  Cost  ($/yr)  =  ( 5 . 23 )  ( Q°  *  766 )  yyyj- 

where  Q  =  flow  (gph) 

6.  Reclaimed  water  treatment  costs-- 

Treatment  for  the  reclaimed  water  system  can  take*  two 
forms:  1)  entirely  new  treatment  facilities  may  be 

constructed  for  the  reuse  programs;  or  2)  existing 
plants  may  be  modified  or  expanded  to  improve 
performance.  Many  bases'  already  have  trickling  filter 
STPs  which  can  be  upgraded  with  the  use  of  chemical 
coagulation  and  filtration  units.  Refer  to  Section  3 
for  previously  determined  treatment  requirements,  select 
required  treatment  units,  and  utilize  the  following  cost 
equations  where  appropriate. 

6a.  Conventional  secondary  treatment--Conventional  secondary 

treatment  consists  of  primary  clarification,  trickling 

filter  secondary  treatment,  final  clarification,  chlori¬ 
nation,  anaerobic  digestion,  and  sludge  drying  beds. 
Costs  are  complete  and  include  all  site  work,  structure, 
mechanical  apparatus,  electrical  work,  and  installation. 

Capital  Cost  ($)  =  ( 82  6 . 0 )  ( Q°  * 48  5 ) 

Annual  0&M  Cost  ($/yr)  =  (151.0)( Q°  * 388 ) 

where  Q  =  flow  (gpd) 

6 b .  Fi ltration- -Capital  and  annual  0&M  costs  for  multimedia 
filtration  (at  a  loading  of  4  gpm/sq  ft)  represented  by 
the  following  equations: 
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Capital  Cost  ($)  =  ( 29. 9  7 )  ( Q°* 631 )  fy^y 
Annual  O&M  Cost  ($/yr)  -  ( 5 . 95)  (Q° •  633 }  7777 
where  Q  =  flow  (gpd) 

6c.  Oil  and  grease  remova1--The  oil  and  grease  removal  unit 
is  assumed  to  be  an  API-type  separator.  Costs  include 
concrete,  mechanical  scrapers  and  rakes,  electrical,  and 
installation. 

Capital  and  O&M  costs  for  oil  and  grease  removal  are 
represented  by  the  following  equations: 

p/'  T 

Capital  Cost  ($)  =  (36. 28) ( Q° *  713)  7757 
Annual  O&M  Cost  ($/yr)  =  (0.31) (Q0*824)  4-777 
where  Q  =  flow  (gpd) 

6d.  Ion  exchange--Capi tal  and  O&M  costs  for  ion  exchange  are 
represented  by  the  following  equations: 

Capital  Cost  ($)  =  (5,000  +  0.02Q)  |yiy 

Annual  O&M  Cost  ($/yr)  =  (0.36Q)]pyy 

where  Q  =  flow  (gpd) 

6e.  Slow  sand  f  i  1 1  rat  i  on--Cost  s  for  slow  sand  and  filter 
beds  i ncl ude  aTl  earth  work,  drainage  tile,  media 
preparation,  and  associated  mechanical  and  electrical 
work . 

Costs  for  slow  sand  filtration  are  represented  by  the 
following  equations: 

Capital  Cost  ($)  =  (0.15Q)^Iy 

Annual  O&M  Cost  ($/yr)  =  (0.0043Q)  {pyy 

where  Q  =  flow  (gpd) 

5f.  Clarification  (p re treatment) --Clarification  consists  of 
a  ci rcul ar  sedimentation  basin  and  a  gravity  solids 
thickener  for  application  as  an  activity  wastewater  pre¬ 
treatment  process.  Capital  costs  include  structure, 
equipment,  pumps,  and  integral  piping  and  appurte¬ 
nances.  Operation  and  maintenance  costs  include  labor, 
power,  fuel,  and  other  materials. 


Capital  and  O&M  costs  for  clarification  are  represented 
by  the  following  equations: 


Annual  O&M  Cost  ($/yr)  =  ( 2 9 . 88 ) ( Q° » 42 8 )  LQ*  . 

v  »  l  D 

where  Q  =  flow  (gpd) 

7.  After  calculating  these  costs  for  the  current  situation 
and  each  reuse  network,  a  final  economic  comparison  can 
be  made. 


Table  A-8  can  be  used  in  summarizing  and  tabulating  costs 
for  existing  water  use  as  well  as  selected  reuse  schemes. 

By  comparing  the  total  annual  costs,  of  each  system,  the  most 
workable  can  be  selected,  and  the  economic  feasibility  of  reuse 
versus  the  existing  or  planned  system  can  be  assessed.  For 

example,  a  future  option  may  be  connection  to  a  regional  s ewer 

system  for  a  specified  annual  cost.  The  cost  summary  in  Table  8 
will  tell  you  whether  reuse  is  an  economically  competitive 
alternative.  For  example,  assume  a  base  has  been  asked  to  hook¬ 
up  to  a  new  regional  sewer/treatment  system.  The  initial  capital 
cost  for  the  connection  and  for  purchase  of  treatment  plant 
capacity  is  $5  million  with  an  additional  $250,000  per  year  In 
0&M  costs.  Results  of  the  Tier  II  evaluation  show  that  the  best 
•  reuse  system  that  will  reuse  nearly  100  percent  of  the  base's 
wastewater  will  cost  only  $2.8  million  in  capital  dollars  and 

$150,000  per  year  in  0&M  costs.  This  would  indicate  that  a  Tier 

III  evaluation  is  warranted. 

Much  of  the  data  obtained  in  Tier  II  can  be  expanded  for  use 
in  Tier  III.  Activity  data,  preliminary  reuse  network  layouts, 
and  basic  cost  information  can  all  be  used  as  a  basis  for 
gathering  the  reuse  detailed  data  for  Tier  III. 
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ARMY 

WASTEWATER  REUSE  POTENTIAL 
EVALUATION  MODEL 


TIER  III 


Tier  III  of  the  Army  Wastewater  Reuse  Potential  Evaluation 
Model  is  a  modification  of  a  computer  model  previously  developed 
by  SCS  Engineers  for  the  Air  Force. 

This  tier  is  comprised  of  two  basic  parts,  as  discussed  pre¬ 
viously  in  Section  IV.  The  first  involves  collection  of  activity 
data  for  input  to  the  model.  The  second  involves  review  of  the 
Phase  I  computer  program  output,  and  the  creation  of  feasible 
reuse  networks  for  the  post. 

All  required  data  and  recording  forms  are  provided  in  the 
"User  Manual,"  Volume  II  of  this  report.  This  document  will  be 
shipped  to  the  Environmental  Division  of  the  U.S.  Army  Corps  of 
Engineers,  Construction  Research  Laboratory  (CERL),  Champaign, 
Illinois.  They  have  the  computer  facilities  to  run  the  program, 
store  data,  etc.  The  following  will  be  provided  to  CERL: 

•  "Cascade  Water  Reuse,"  CEEDO-TR-77-19,  by  SCS  Engineers 
for  Civil  and  Environmental  Engineering  Office  (Air 
Force  Systems  Command),  Tyndall  AFB,  July  1977 

•  A  copy  of  the  Subpotable  Reuse  Program  (daily  and  yearly 
simulation  programs) 

•  Users  Manual  for  the  daily  program,  with  addenda  sheets 
for  the  modifications  for  the  yearly  simulation  program. 

Note  that  Tier  III  follows  immediately  from  Tier  II.  The 
same  type  of  data  is  required,  only  in  more  detail.  The  Tier  II 
data  on  activities,  costs,  and  preliminary  reuse  network  layouts 
should  be  used  as  the  data  base  from  which  Tier  III  expands. 
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ACRONYMS 


BOD 

Biochemical  Oxygen  Demand 

COD 

Chemical  Oxygen  Demand 

STP 

Sewage  Treatment  Plant 

IWTP 

Industrial  Waste  Treatment  Plant 

0  &  G 

Oil  and  Grease 

SS 

Suspended  Solids 

DS 

Dissolved  Solids 

MPN 

Most  Probable  Number  of  Coliform  Bacteria 

gpd 

gallons  per  day 

gpcd 

gallons  per  capita  per  day 

mg/L 

milligrams  per  Liter 
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